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PREFACE. 



The ingenious Author gives the following recommen- 
datory description of this work. " The object and 
design of this little work will be obvious, from a very 
cursory view of its contents. It is intended as intro- 
ductory to the knowledge of the Arts and Sciences, 
and it is hoped that it will be found calculated to in- 
form the mind in regard to many of the most important 
topics with which young persons of both sexes ought 
to be acquainted. 

" In most of our larger schools the study of the sciences 
is neglected, because the method of teaching them has 
been so different from that which is resorted to in their 
other exercises. Children are required to learn by rote 
the rules of grammar, and the appUcation of these rules 
is left for future reading. This Introduction is drawn 
up to facilitate the acquisition of natural and experi- 
mental knowledge upon a similar plan. The lessons 
consist of a series of short sentences to be committed 
to memory : they all contain facts not only necessary 
to be known by every well-educated youth, but will be 
found applicable and of obvious utility in their advanced 
and more mature studies. : and in cases that require 
them, illustrations of the subject, and figures adapted 
to it, are subjoined. 

" The questions at the end of each lesson, which are 
numbered, to correspond with the facts to be learned 
by heart, will afford the instructor an easy method of 
examination, as well for classes in schools, as for indi- 
viduals educated under the domestic roof." 
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IV PREFACE. 

The editor of the present improved edition needs to 
say but little if any thing more : except that to this 
edition have been added four original lessons on 
Anatomy and Physiology, which it is hoped, will 
not only render the work more complete, but will afford 
the youthful reader just ideas concerning the structure 
of the human body, and the science of Ufe. He can 
confidently recommend the work to parents, pupils, and 
instructors, as containing much useful matter, in a cheap 
and convenient form: and can conscientiously affirm, 
that it will be found one of the most useful and satis- 
factory epitomes of human knowledge which has ever 
yet been published. 

Those who are famiHar with the labours and difficul- 
ties of instruction, will agree with him, that it is not so 
easy a matter as might at first be supposed, for one 
intimately acquainted with an art or a science, to in- 
troduce another even to the elements of it. He may 
begin at the beginning, define terms, lay down general 
principles, deduce particular truths, and go on regularly 
clearing as he goes, and leaving nothing for an after 
parenthesis ; and yet, only overwhelm the memory, 
perplex the reason, and ultimately disgust his pupil 
with the subject. Such a plan is no doubt the most 
natural to the tutor, and the most proper for any one 
who, in some degree already acquainted with the sub- 
ject, would yet wish to refresh his memory upon it. 
He knows how the terms defined are to come into 
play and whither the general principles tend; and, 
therefore, what he is about. He sees that the arrange- 
ment is, perhaps, the best that can be adapted for the 
; science abstractedly considered, the one that will most 
concisely develope truth, and is least Uable to lead to 
repetition; and he has that satisfaction which arises 
from the contemplation of order. 

A mind totally unacquainted with the subject knows 
nothing of all this. With such an one the editor will 
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PREFACE. W 

venture to say, that the most concise and least repeti' 
tious method may not be the best; the one which most 
regularly developes the science, not the most philoso- 
phical. The most philosophical, because the most na- 
tural method, is that which accommodates itself to the 
mind of the learner; the best teacher is he who can 
most fully put himself in the pupil's place. 

Such a teacher, he imagines, would open a way into 
any science, by some observation likely to occur to an 
uninstructed and inquisitive mind ; as upon the flight 
of a stone, the weight of a body, the game of see-saw, 
in mechanics; the circumnavigation of the globe, or 
the vicissitude of day and night, in astronomy; the 
freezing of water, or the working of a steam-engine, in 
chemistry : no matter what the observation, so that it 
involves some grand principle of the science. By leading 
questions he will draw the pupil to the developement 
of the principle, and place it full before him ; he will 
follow, or in seeming to follow, he will in some measure 
direct the course of the pupil's mind; making observa- 
tions, tracing consequences, starting objections. In 
such an introduction to a science, and the familiar con- 
versations which it implies and supposes, the form 
adopted by the author is obviously very desirable. He 
lays down the principles of the different arts and sciences 
in a series of short propositions, which are to be com- 
mitted to memory, and are divided into lessons of ap- 
propriate length : and for its luminous order, its power 
of making a child think upon the subject, and then 
aptly following up the train of thought thus excited, its 
forcible illustrations, and its easy and graceful style, 
the work in the judgment of the editor stands at the 
very top of the scientific library of the school-room. 

The questions at the end of each lesson, with the 
figures and illustrations of the subjects, supply the most 
baieficial exercise that can be employed in the business 
of tuition. Youth learn nothing effectually but by fre- 
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quent repetition; a multiplicity of examples, therefore, 
becomes absolutely necessary : but these examples should 
be so varied, and the mode of proposing the questions 
so diversified, as to give the scholar room for the exer- 
tion of his faculties, or otherwise no impression will re- 
main on his mind. Elementary treatises are too gene- 
rally without any practical exercises; or the exercises 
so similar, that when the pupil has finished one of them 
the next may be performed without the trouble of think- 
ing. Such examples may pass away the time of the 
scholar, but they will never instruct him. 

Of the Preliminary Essays introduced by the editor 
he may be permitted to observe, that they will, he trusts, 
be found to be novel, appropriate, stimulative, and cal- 
culated to recommend by just appreciation, and fair 
and candid representation, the respective subjects to 
which they are prefixed. For their aim, and their 
moral tendency, however, he distinctly claims a cha- 
racter of high and honourable soUcitude. It has long 
been allowed that philosophical and scientific subjects 
afford the greatest, the purest pleasure to a rational 
mind. It is well observed by a late writer that this 
does not. arise '^ firom any intrinsic value of Science and 
Philosophy, solely considered, but firom the pecuUar use 
to which they may be applied, and without which, they 
bardly merit the name they have obtained : and this is 
no other than regulating by them our observations upon 
the numerous objects of the creation, whereby we may 
correct any erroneous notions which we may have 
hitherto encouraged, either concerning them or the 
Omnipotent Being by whose will they were formed." 

Nature, viewed in its true light, is not a subject of 
cold and unproductive speculation with regard to mo- 
rality. The study of its productions and its phenomena, 
not only enlightens the mind, but warms the heart, by 
exciting feelings of reverence and admiration, at the 
sight of so many wonders, bearing such striking charac- 
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ters of unlimited power and matchless wisdom. Im- 
pressed with the truth and force of this sentiment, he 
has interspersed the expositions of the respective sub- 
jects with such observations, and moral reflections, as 
are calculated to alleviate tiie mind of the student, to 
lead him by imperceptible degrees to reflect seriously 
and justly on the objects around him, and to check an 
inchnation to scepticism which might arise from incau- 
tious study, and the mischievous misapplication of 
scientific phraseology, and modes of reasoning and re- 
search. 

We may be said to Uve at one of those remarkable 
periods which constitute eras in the history of the world. 
For a series of years preceding the French revolution, 
the diffusion of knowledge and cultivation of intellect, 
in France and the neighbouring countries, exceeded in 
such a proportion the countervailing powers of religion 
and morality, that all competent judges, acquainted 
with the state of society, agreed in opinion that some 
mighty convulsion was at hand. Of the disasters which 
followed that dreadful event, and the shock which it 
gave to the civil and religious institutions of the Conti- 
nent, it is altogether superfluous to speak. But whilst the 
worid was involved in confusion around us, this country, 
by the blessing of Providence, was not only preserved 
from destruction, but rose to an eminence of glory and 
power which it had never attained in former times. In 
reasoning on the causes of this difference in our favour, 
we are justified in ascribing our safety to the quantity 
of virtue and good sense produced in the country by 
the free constitution of our government, the equal ad- 
ministration of our laws, the principles which regulate 
our seminaries for the education of youth, and above 
all to the prevalence of a sound, a pure, a reasonable 
reUgion, dispensed and administered alike by a body of 
clergy both episcopal and dissenting, who from their 
external condition, and still more firom their learning 
and piety, have an influence on the minds of the people, 



Digitized by LjOOQ IC 



YIU PREFACE. 

not only through the medium of their pastoral func- 
tions, but by the effect of their writings, and the esti- 
mation which they bear in the community. The danger 
from that event is now happily past: but when we 
direct our attention to the systematic culture of intellect 
introduced in the course of a few years among all classes, 
we cannot but feel an anxiety lest the balance of society 
should suffer disturbance from this sudden increase of 
its momentum. In proportion as these additional ener- 
gies imparted to the mass of the people are under the 
direction of good principles, they will give stability to 
the government, advance the cause of religion and 
morals, and contribute to the general advantage. But 
there is no necessary connexion between knowledge and 
goodness, between the possession of intellectual power 
and a disposition to apply it to its proper ends. 

Nothing need further be said in the assertion or the 
vindication of the tendency and aims, which the editor 
avows : they are those of every enlightened minister of 
education in the kingdom. Preserved from civil and 
ecclesiastical tyranny, as this highly favoured country 
has been, the editor looks back with devout gratitude 
on the stupendous events of the last fifty years; and 
acknowledges a ruling Providence in the history of 
Britain: and he confides in the continuance of that 
Providential protection, as long as his country is not 
wholly unworthy to hold its place upon this ball of 
earth. 

Upper HoUoway, 
NoTember 1st. 1839. 

T. L. 
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GRAMMAR. 



THE UTILITY AND IMPORTANCE OF ITS STUDY. 



** They who are learning to compose and arrange their sentences with 
accuracy and order, are learning, at the same time, to think with 
accuracy and order. — Blair, 



Grammar is a term the definition of which can be scarcely 
said to be philosophically adjusted. The number and the 
nature of the ideas which it comprehends, are subjects upon 
which opinions and decisions are conflicting and diversified. 
A clear and certain exposition of the meaning of the term is 
perhaps nowhere to be found. In one view it assumes the 
dignity and claims the consideration of a science; — ^in 
another its pretensions appear restricted to the more limited 
proportions of an art. Of the former, reason may be consi- 
dered as the authority, and the standard ; — of the latter there 
is no authority or standard but custom. The utility — ^the im- 
portance — ^and the necessity of the study of this science, or 
art, are obvious — are self-evident. **As words," says an 
eminent writer upon it,* " are the signs of our ideas, and the 
medium by which we perceive the sentiments of others, and 
communicate our own, and as signs exhibit the things which 
they are intended to represent, more or less accurately, ac- 
cording as their real or established conformity to those things 
is more or less exact ; it is evident, that in proportion to our 
knowledge of the nature and properties of words, or of their 
relation to each other, and of their established connexion 
with the ideas to which they are applied, will be the certainty 
and ease with which we transfuse our sentiments into the 
minds of one another ; and that, without a competent know- 
ledge of this kind, we shall frequently be in hazard of mis- 
understanding others, and of being misunderstood ourselves, 
* Introduction to Murray's Grammar, p. 6, 
B 
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It may, indeed, be justly asserted, that many of the differ- 
ences in opinion amongst men, with the disputes, contentions, 
and alienations of heart, which have too often proceeded from 
such differences, have been occasioned by a want of proper 
skill in the connexion and meaning of words, and by a te- 
nacious misapplication of language. ' " All that regards the 
study of composition," says the eloquent writer upon lan- 
guage and composition whose words we have prefixed to 
these observations, " merits the highest attention, upon this 
account, that it is intimately connected with the improvement 
of our intellectual powers. For we must be allowed to say, 
that when we are employed, after a proper manner, in the 
study of composition, we are cultivating the understanding 
itself. The study of arranging and expressing our thoughts 



with propriety, teaches us to think, as well as to speak, accu- 
rately." One of the best supports which the recommenda- 
tion of this study can receive, in small compass, may be 
derived from these sentiments. The great and the important 
object of language is, to express the various wants and affec- 
tions of those by whom it is spoken. In the earher stages of 
civil society, man is contented with such comforts as are 
easily procured, and the operations of the mind are circum- 
scribed within narrow limits. His vocabulary is consequently 
scanty, though at the same time it may be fully adequate to 
every purpose to which it is applied, but as luxury and re- 
finement advance in their gradual progress, the language of 
the community becomes more copious and elegant : it not 
only oversteps its ancient boundaries, but hastens to lay aside 
its ancient rudeness and barbarism. Material improvements, 
however, cannot be introduced by any sudden exertion ; — 
they must be the result of experience — and experience time 
only can bestow. 

During the last fifty years, EngUsh literature has been en- 
riched with many valuable compositions in prose and verse. 
Many wise and learned men have made use of our language 
in communicating their sentiments concerning all the im- 

Eortant branches of science and art. All kinds of subjects 
ave been skilfully treated in it, and many works of taste and 
genius have been written v^th great and well-deserved suc- 
cess : yet perhaps it will appear, upon a careful view of these 
compositions, that, whatsoever credit their authors are enti- 
tled to, for acuteness of understanding, strength of imagina- 
tion, delicacy of taste, or energy of expression, there are but 
few of them that deserve the praise of having expressed them- 
selves in a pure and genuine strain of EngHsh. In general 
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they Lave prefared such a choice and arrangement of words, 
as an early acquaintance with some other language, and the 
neglected study of their own, would naturally incline them 
to. Sometimes, also, we find them expressing a mean opi- 
nion of their native tongue. This, however, I am the less 
inclined to wonder at, as I am convinced that those only can 
speak of our language without respect, who are ignorant of 
its nature and qualities. Perhaps it is as capable of receiving 
any impressions that a man of taste and genius may choose to 
stamp upon it, and is as easily moulded into all the various 
forms of passion, elegance, and sublimity, as any language, 
ancient or modem. 

Some men of eminence in letters, having seen how well 
the fashionable world has succeeded in imitating the manners 
of our neighbours, the French, have endeavoured to raise 
themselves into reputation by importing their forms of 
speech; and, not contented with the good old £nglish idiom, 
have dressed out their works in all the tawdriness of French 
phraseolog}r. But this injudicious fashion of adulterating our 
language with foreign mixtures, is more especially the case 
with respect to the Latin : — ^to the laws of which, many of our 
writers, and indeed some also of our grammarians, nave so 
strenuously endeavoured to subject our language, that an old 
author's prophecy seems at length to have come to pass, 
and " we are now forced to study Latin in order to under- 
stand English.""' The complaint was not new in his time — 
but the practice complained of is now become more frequent 
and more extensive than ever. Our elegant and idiomatic 
satirist. Pope, ridicules that 

** easy Ciceronian style. 

So Latin, yet so English all the while." 

Papers Epilogues to Satire*. 

Not only Latin words, but Latin idioms, are now invading us 
with so much success, that, do what we can, I fear we must 
submit to the yoke ; and, as our country was formerly com- 
pelled to become a province of the Roman empire, so must 
our language sink at last into a dialect of the Roman tongue. 
This event has been much hastened of late years. Some men, 
whose writings do honoiu* to their cbuntry and to mankind, 
have, it must be confessed, vmtten in a style that no EngUsh- 
man will own ; a sort of AngHcised Latin, and chiefly dis- 
tinguished from it by a trifling difference of termination : yet 
so excellent are these works in other respects, that a man might 
deserve well of the pubhc who would take the trouble of 
• Brown's Vulgar Errors. — See Preface, 

b2 
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translatiiig them into English. As I do not notice these 
alterations in our language in order to commend them, I shall 
not produce any particular instances ; I shall content myself 
with supporting the fact by the evidence of the greatest cri- 
tic and master of it that ever lived. In the preface to his 
Dictionary, Dr. Johnson says, " so far have I been to grace 
my page with modem decorations, that I have studi- 
ously endeavoured to collect my examples and authorities 
from the writers before the Restoration, whose works I regard 
as the WELLS of English undefiled — as the pure 
sources of genuine diction. Our language, for almost a cen- 
tury, has, by the concurrence of many causes, been gradually 
departing from its ancient Teutonic character, and deviating 
towards a GaUic structure and phraseology ; from which tt 
ought to he our endeavour to recall it: — by making our ancient 
volumes the groundwork of our style, admitting among the 
additions of kter times only such as may supply real defi- 
ciencies, such as are readily adopted by the genius of our 
tongue, and incorporate easily with our native idioms.'* 

In bis preface to the Works of Shakspeare, we also find 
the following very appHcable sentiments : — " I believe there 
is in every nation a style that never becomes obsolete, a cer- 
tain mode of phraseology so consonant and congenial to the 
principles of its respective language, as to remain settled and 
unaltered. The polite are always catching modish innova- 
tions, and the learned depart from established forms of speech 
in hopes of finding or making better : those who write for 
distinction, /or^oAre the vulgar, when the vulgar is right j but 
there is a conversation, above grossness and below refinement, 
where propriety resides, and where Shakspeare seems to 
have gathered his comic dialogue. He is, therefore, more 
agreeable to the ears of the present age than any other 
author equally remote, and, among his other excellences, de- 
serves to be studied as one of the original masters 
OF OUR language." Thcsc passages I have inserted, be- 
cause such a testimony firom this great man will, at least, be 
thought impartial by every person acquainted vrith the cha- 
racteristics of his style. 

The alterations in our language here mentioned are cer- 
tainly not for the better : — ^they give the phraseology a dis- 
gusting air of study and formality : they have their source in 
affectation, not in taste: yet novelty has its attractions. 
Though such exotic terms and phrases as are here referred 
to, are not better than our homebred English, yet their 
newness gives them a spurious sort of beauty : — ^though they 
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do not really enrich the dress of our thoughts, yet they are a 
kmd of tinsel ornaments, admired because they glitter, gild, 
and glare. The writers I allude to may, perhaps, have suc- 
oeeded in giving our language a higher polish; but have they 
not also curtailed and impoverished it ? Perhaps they may 
have cleared it of some cant terms, low phrases, and awk- 
ward constructions ; but what they may have gained in accu- 
racy, have they not lost in variety ? Have they not reduced 
all kinds of composition to an insipid uniformity? Is not the 
spirit of our language lowered, its freedom cramped, and its 
range of expression narrowed ? 

I shall not be required to prove this opinion by such of my 
readers as are acquainted with the works of Hooker, Taylor, 
Swift, Pope, Addison, and Dryden, the boast and glory of 
English Uterature; — with the prose of Cowley, and with 
Shakspeare's ** immortal wit." However, the prevalence of 
fashion is so strong, that all resistance to this adulteration oi 
our language may be ineffectual : and it is well worthy of 
notice, that every polite nation hitherto distinguished in liter- 
ature, has, after a certain period, declined in taste and purity 
of composition. The later Greek writers are known by the 
diminutive term, **Gr(Bculi** — and the Augustan age denotes 
an sera before the Latin tongue was vitiated and spoiled by 
▼ain refinements and affected innovations. To prevent a 
similar decline in the French language, the French Academy 
endeavoured to render it at once more pure and more dura- 
ble ; but the republic of letters is a true republic, in its dis- 
regard to the arbitrary decrees of an usurped authoritv. Per- 
haps sudi an institution would do still less with us. Our cri- 
tics are allowed to petition, but not to command : and why 
should their power be enlarged ? The laws of our speech, 
like the laws of our country, should breathe a spirit of 
fiberty : they should cheek licentiousness, without restrain- 
ing freedom. The most effectual method of preserving our 
language from decay, and preventing a total disregard to the 
Saxon part of it, is to change cur present mode of education. 

Children are generally taught the grammar of a foreign 
tongue before they understand that of their own : or if they 
ehance to be instructed in the principles of their native tongue, 
they leani them from some system that does httle more than 
fetter it with the rules of construction drawn from another 
language. Dr. Lowth, in his preface, has taken notice of this 
circumstance. He says — **A grammatical study of our own 
kni^uage makes no part of the ordinary method of instruction 
which we pass through in our childhood, and it is very sel^ 
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dom that we apply ourselves to it afterwards. Tet the want 
of it will never be effectually supplied by any other advan- 
tages whatsoever. Much practice in the polite world, and a 
feneral acquaintance with the best authors, are good helps ; 
ut alone will hardly be sufficient : we have writers who have 
enjoyed these advantages in their full extent, and yet cannot 
be recommended as models of an accurate style. Much less, 
then, will what is commonly called learning, serve the pur- 
pose ; that is, a critical knowledge of ancient languages, and 
much reading of ancient authors. The greatest critic and 
most able grammarian of the last age, was &equently at a loss 
in matters of ordinary use and common construction in his 
own vernacular idiom."* 

The desini of the following lessons is to teach the ^m- 
mar of the English tongue — not by arbitrary and capricious 
rules, and much less by such as are taken from tlie customs 
of other languages — but by a methodical collection of ob- 
servations and principles, comprising all those current phrases 
and forms of speech which are to be found in our best and 
most approved writers and speakers, arranged in a series 
of short propositions, which are to be committed to memory; 
and they will be found to recommend themselves, as contain- 
ing a large quantity of useful elementary matter, in an im- 
pressive and most convenient form. It is certainly the busi- 
ness of a grammarian to find out, and not to make, the laws 
of a language. In this work the author does not assume the 
character of a legislator, but appears as a £uthful compiler 
and abridger of the scattered laws. He does not fN*esume to 
regulate tne customs and fashions of our speech, but only 
notes and collects them. 

It matters not what these customs and fashions owe their 
birth to, the moment they become general they are the laws 
of the language ; and a grammarian may remonstrate, but 
can do no more, how greatly soever he may disapprove. 
From his opinions and precepts an appeal may always be 
made to the tribunal of use, as to the supreme authority and 
last resort ; in language, as in law, " communis error facit 
jus** — ^the common error makes the law. By the general con- 
sent of a nation, certain sounds and certain written signs, 
together with their inflections and combinations, come to be 
used as denoting certain ideas and their relations ; and the 
man that chooses to deviate from the custom of \ns country 
in expressing his thoughts, is as ridiculous as though he were 

* The learned penon here alluded to by Dr. Lowth Is the eelebntod 
■cholar and critic. Dr. Bentlejr, 
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to walk the streets in a Spanish cloak, or a Roman toga. 
Perhaps he might say, these garments are more eleeant and 
more commodious than a suit of Enffhsh broad-cloth ; but I 
believe that this excuse would hardfy protect him from deri- 
sion and disgrace. 

Besides the principal purpose for which these lessons were 
written (that of instructing youth), I hope the perusal of 
them may not be useless to those who are already acquainted 
with polite hterature. Much readine and good company are 
supposed to be the best methods of getting at the niceties 
and elegancies of language ; but this road is long and irk- 
some. It is certainly a safer and a readier way to sail by 
compass than to rove at random : and any person who wished 
to become acquainted with the various productions of nature, 
would do better to study the system of our best naturalists, 
than to go wandering about from land to land, lifting here 
upon one, and there upon another, merely out of a desire to 
see them alL These lessons also maj be useful to those 
foreigners who wish to learn the English tongue, — as they 
will be found to contain the most general and useful Angh- 
cisms, and all those phrases and pecutiarities which form the 
characteristics of our language. 

I will not take upon me to say that we have no grammar 
capable of teaching a foreigner to read our authors, but this 
I am sure of, that we have none by which he can be enabled 
to understand our conversation. 



LESSON THE FIRST. 

INTRODUCTION. 

1 . Grammar is the art of speaking and writing any 
language with propriety. 

2. General Grammar teaches the principles which 
are common to all languages. 

3. The grammar of any particular language teaches 
the principles and rules peculiar to that language. 

4. All art is founded on science, or on the knowledge 
of the materials employed in it. 

5. Every art has a subject peculiar to itself, of the 
properties of which it treats. 
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6. The subject of grammar is composed ot articulate 
sounds. 

7. There are two kinds of subjects, namely, simple 
and compound. 

8. A subject is simple when it is not made up of 
parts. 

9. A compound subject is composed of more parts 
than one : thus language, or discourse, is compound, 
being made up of sentences. 

10. The dividing of a thing into its parts is called 
analysis or decomposition. 

11. Sentences may be resolved into words; words 
into syllables ; and syllables into letters. 

12. Grammar begms with the properties of letters, 
and ends with the properties of sentences, and is com* 
monly divided into four parts — ^viz., Orthography, Ety- 
mology, Syntax, and Prosody. 

QUESTIONS FOR EXAMINATION. 

1. What is grammar? 

ft, What is meant by general grammar ? 

3. What does the grammar of any particular language teach ? 

4. On what is art founded ? 

5. What is peculiar to every art? 

6. What is the subject of grammar? 

7. How many kinds of subjects are there, and what are they ? 

8. What is meant by a simple subject ? 

9. What is meant by a compound subject ? 

10. What is meant by analysis or decomposition? 

11. How are sentences resolved? 

13. With what does grammar begin and end, and how is it 
eommonly divided ? 



LESSON THE SECOND. 

OF SOUNDS — LETTERS — SYLLABLES — AND WORDS. 

1. An articulate sound is the sound of the human 
Toice formed by the organs of speech, and which is as- 
sociated with, and represented by, a letter or representa- 
tive sign. 



Digitized by LjOOQ IC 



GRAMMAR* 9 

2. The organs of speech are the tongue, the teeth, 
the lips, and the palate. 

3. A letter is the mark or sign of an articulate 
sound, and is the least part of a word : it is called also 
a first principle, because all language is formed of letters. 

4. There are twenty-six letters in the English alpha- 
bet, which are divided into vowels and consonants. 

5. A vowel is a letter representing a sound that can 
be perfectly uttered by itself: such as a, e, i, o, w, and 
sometimes w and y are vowels : which are formed with- 
out the help of any other sound. 

6. A consonant is a letter representing a sound that 
cannot be perfectly uttered without the aid of a vowel : 
as by dyfy I; which require vowels to express them fully. 

7. W and y are consonants when they begin a word, 
but vowels in every other situation. 

8. A diphthong is the union of two vowels in one 
sound, and pronounced by a single impulse of the voice : 
as ea in beat ; ou in sound. 

9. A syllable is a sound represented by one or more 
letters, either simple or compounded, produced by a 
single impulse of the voice, and constituting a word or 
part of a word, as a, an, ant, horse, &c. 

10. Words are articulate sounds, used as signs of 
our ideas. See Logic. 

1 1 . A word of one syllable is termed a monosyllable, 

12. Spelling is the art of rightly dividing words into 
their syllables, or of expressing a word by its proper 
syllables and letters. 

It is of very great importance to obtain, early in life, a 
clear, distinct, and accurate knowledge of the sounds of the 
elements, or the first principles of language. The sentiments 
of a very judicious and eminent writer (Quinctihan) respect- 
ing this most important and depreciated part of grammar, 
deserve the serious attention of the student. " Let no per- 
son despise," says he, "as inconsiderable, thp elements of 
grammar, because it may seem to them a riatter of small 
consequence to show the distinction between vowels and con- 
sonants, and to divide'the latter into Unuids and mutes. But 
they who penetrate into the innermrit parts of this temple of 
science, will there discover such refinement and subtilty oi 
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matter, as are not only proper to sharpen the understandings 
of young persons, but sufficient to give exercise for the most 
profound knowledge and erudition. 

QUESTIONS FOR EXAMINATION. 

1. What is an articulate sound? 

^. What is meant by the organs of speech? 

3. What is a letter? 

4. How many letters are there, and how are they diTided ? 
6. What is meant by a vowel ? 

6. How do you define a consonant ? 

7. In what cases are w and y consonants, and when are they 
▼owels ? 

8. What is meant by a diphthong? 

9. W hat do you mean by a syllable ? 

10. What are words ? 

11. What is a monosyllable ? 
lit. What IS spelling ? 



LESSON THE THIRD. 

OF ARTICLES AND NOUNS. 

1. In English there are nine sorts of words, or, as 
they are commonly called, parts of speech, namely, the 
article; the noun, or substantive; the adjective: the 
pronoun ; the verb ; the adverb ; the preposition ; the 
conjunction ; and the interjection. 

2. An article is a word prefixed to nouns to point 
them out, and to show how far their signification ex- 
tends. 

3. The articles are a, aw, the : the is definite ; a and 
an indefinite : thus we say the hou^e, when we mean 
any particular house ; a horse, or an acorn, when we 
refer to one generally. 

4. A noun, or, as it is sometimes called, a substan- 
tive, is the name of any person, place, or thing, as 
James, London, land, leisure, 

5. A noun may be known by taking an article before 
it, as a book ; an owl ; the moon : or by its making 
sense of itself, as virtue, poverty, wealth. 
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6. Nouns are either proper or common : — proper 
nouns are the names appropriated to individuals, as 
Charles, Paris, Thames: and common nouns denote 
the species or kinds of things containing many sorts, as 
a man, a city, a river: thus Paris is a proper noun, 
being a name appropriated to a particular city ; but 
city is a common noun, as understood of any city. 

7. All nouns are of the third person when spoken of; 
and of the second when spoken to. Examples. — The 
men run ; trees are green : here men and trees are 
spoken of, and are of the third person. Men and citi- 
zens listen to my words : in this case men and citizens 
are spoken to, and are of the second person. 

8. To nouns belong person, gender, number, and 
case. 

9. Gender is the distinction of nouns, with regard to 
sex ; there are three genders, the masculine, feminine, 
and neuter. 

10. The masculine gender denotes animals of the 
male kind ; as a man, a horse, a bull, 

1 1 . The feminine gender denotes animals of the fe- 
male kind ; as a woman, a mare, a cow. 

12. The neuter gender denotes objects which are 
neither male nor female; as a field, a plough, a spade. 

13. Some substantives, naturally neuter, are, by a 
%ure of speech, converted into the masculine or femi- 
nine gender ; as when we say of the sun, he is setting; 
2uid of a ship, she sails well. 

14. The gender is distinguished, (1.) by different 
words, as man, woman ; brother ^ sister. (2.) By a dif- 
ference of termination, as lion, lioness ; master, mis- 
tress. (3.) By another word, a noun, pronoun, or ad- 
jective, being prefixed to the noun, as man-servant, 
maid-servant ; male-child, female-child. 

QUESTIONS FOR EXAMINATION. 

1. How many parts of speech are there, and what are they t 

2. What do you mean by a noun ? 
S. What is meant by an article ? 

4. What are the articles, and how are they distinguished t 
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5. How is a noun known 1 

6. How many kinds of nouns are there, and how are they dis- 
tinguished ? 

7. Explain hy the examples which are nouns of the third per- 
son, and which of the second ? 

8. What belong to nouns 1 

9. What is meant by gender, and how many genders are there ? 

10. What does the masculine gender denote ? 

11. What does the feminine gender denote? 
' 12. What is meant by the neuter gender 

13. How are substantives naturally neuter converted into the 
masculine or feminine genders ? 

14. How are genders distinguished ? 



LESSON THE FOURTH. 

NOUNS CONTINUED. 

1. There are two numbers belonging to nouns, the 
singular and the plural. The singular is used to ex- 
press one object : and the plural is used when two or 
more are to be expressed* 

2. The plural is generally formed, (1.) by adding s 
to the singular, as river, rivers. (2.) By adding es 
when the singular ends in ch, s, sh, x, and 2, as church, 
churches: kiss, kisses; lash, laches; fox, foxes. (3.) 
By adding ves to nouns ending in /, or fe, as calf, 
calves : knife, knives. (4.) When nouns end in y, the 
plural is formed by changing y into ies, ^^ fly, flies. 

3. There are many exceptions to these general niles, 
as ox, oxen ; muff, muffs ; chief, chiefs ; key, keys ; 
goose, geese ; foot, feet, &c. 

4. Some nouns admit of a singular termination only, 
as wheat, steel, sloth ; some have the plural termina- 
tion only, as bellows, scissors, ashes; and in some 
nouns the singular and plural are the same, as deer, 
sheep, &c. 

d. Ca^e is the variation of nouns, serving to express 
the different relations they bear to each other. 

6. English nouns have three cases, the nominative, 
the possessive, and objective : the possessive is some- 
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times called the genitive case ; and the objective, the 
accusative. 

7. The nominative expresses the name of a thing, 
or the subject of the verb; as the boy runs, the girls 
play. 

8. The possessive denotes the relation of property or 
possession, and is formed by adding s to the nomi- 
native, with an apostrophe before it, as Solomon's wis- 
dom, the coxvs crib. When the noun ends in «, the 
apostrophe only is added, as the stationers' arms, the 
drapers* company,* 

9. The objective case expresses the object of an ac- 
tion, or of a relation, and generally follows an active 
verb, or a preposition: as Charles teaches James; 
Charles and James live in London. 

10. Nouns are declined in the following manner:— 

Singular. Plural. 

Nominative. The man. The men. 
Possessive. The man's The men's. 
Objective. The man. The men 

11. The nominative and objective are spelt alike; 
but in a sentence the nominative comes before the verb, 
and the objective after a verb active, or preposition. 

QUESTIONS FOR EXAMINATION. 

1. How many numbers are there belonging to nouns, and what 
do they express 1 

S. What are the rules in forming the plural number ? 

3. Mention the exceptions to the general rules ? 

4. Do all nouns admit of singular and plural terminations ? 

5. What do you mean by caseJ 

6. How many cases are there ? 

7. What does the nominative case express ? 

8. What does the possessive case denote ? 

9. What does the objective case denote ? 

10. Decline the noun roan : also by the same rule the nouns 
father, mother, brother, and sister. 

11. Point out the distinction between the nominative and ob- 
jective cases. 

* Sometimes, also, when the singular terminates in n, the apoatrophio 
s is not added, as ** For goodness' sake"—** For righteousness' sake." 
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LESSON THE FIFTH. 

OF ADJECTIVES. 

1 . An adjective is a word added to a substantive to 
express its quality, or property ; as, a good man ; a 
green gate. 

2. English adjectives admit of variation, and change 
their terminations on account of comparison. 

3. There are three degrees of comparison ; the posi- 
tive, the comparative, and superlative. 

4. The positive simply expresses the quality of any 
object, without any increase or diminution ; as kardj 
wise, small. 

5. The comparative increases or diminishes its qua- 
Uty ; as harder, wiser, smaller, 

6. The superlative expresses its quality in the highest 
or lowest possible degree ; as hardest, wisest, smallest. 

7. Th^ positive is changed into the comparative by the 
addition of r, or er ; as luise, wiser; hard, harder: and 
into the superlative by adding st, or est; as wise, wisest; 
hard, hardest, 

8. The adverbs more and mx)st, placed before an ad- 
jective, have the same effect, as mx)re wise, most wise. 

9. Monosyllables are, for the most part, compared 
by er and est; as hard, harder, hardest; and dissyl- 
lables by mx)re and mx>st; as modest, more modest, most 
modest. 

10. Some adjectives are composed very irregularly; 
as Good, better, best. 

Little, less, least. 

Many, more, most. 

Bad, worse, worst. 

1 1 . Some comparatives form the superlative by add- 
ing mx)st; 2i^ fore, former, foremost; up, upper, upper- 
most: and some adjectives have only two degrees of 
comparison ; as under, undermost. 

QUESTIONS FOR EXAMINATION. 

1. What is meant by an adjective ? 

2. On what account do adjectiyes change their terminations ? . 
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3. How many degrees of comparisoo are there T 

4. What is meant by the posidve ? 

5. What is the effect of the comparative ? 

6. What is the effect of the superlative ? 

7. How are the comparatives and superlatives fonned t 

8. Is the same effect produced by any other words ? 

9. In what case are the terminations er and est used, and in 
what the words more and most ? 

10. Give some instances in which adjectives are compared irre* 
gularly. 

11. Are there any other irregularities with regard to com- 
paratives. 



LESSON THE SIXTH. 

OF PRONOUNS. 

1 . A pronoun is a word used instead of a noun, and 
enables us to avoid a too frequent repetition of the 
same : thus we say, *' Ae or she did this, or that," in- 
stead of expressly naming the person. 

2. There are three kinds of pronouns, the personal, 
relative, and adjective. 

3. There are five personal pronouns : namely, /, 
thou, he, she, it, which are singular ; with their plurals, 
we, ye ox you, they, 

4. The third person singular of the pronouns, he, 
she, it, is the only one that admits of a distinction of 
gender. He is masculine; she is feminine; it is neuter. 

5. Pronouns, like nouns, have two numbers, and 
three cases ; viz., the smgular and plural, and the no- 
minative, possessive, and objective. They are mostly 
different from each other. 



6. First person. 


Nom, 
Poss, 
Obj, 


Singular. 

Mine. 
Me. 




Plural. 

We. 
Ours. 

Us. 


Second person. 


Nom, 
Poss, 
Obj, 


Thou. 
Thine. 
Thee. 




Ye or you. 

Yours. 

You. 


Third person. 


Nom, 
Poss. 
Obj, 


He, she, i 
His, hers, 
Him, her, 


it. 
its. 
it. 


"^ They,theu 
j them. 
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7. In pronouns the fir^t person is the speaker ; the 
second is the person spoken to; and the third is the 
person spoken of. 

8. Relative pronouns are such as relate to some 
word or phrase going before, which is called the ante- 
cedent: these are, who, whichy and that. Who is 
applied to persons; whichy to animals and inanimate 
things; that is applied both to persons and things, 
and prevents the too frequent repetition of who and 
which. 

9. What is a compound relative, including both the 
antecedent and relative, and is equivalent to that 
which, "This is what I wished;** that is, " the thing 
which I wished." 

10. Who, which, what, are called interrogatives, 
when used in asking questions. The cases of who are, 
Nom. Who, Poss. Whose, Obj. Whom, 

1 1 . Adjective pronouns are of a mixed nature, par- 
ticipating the properties both of pronouns and adjec- 
tives ; and are subdivided into four sorts, namely, the 
possessive, distributive, demonstrative, and the inde- 
finite. 

12. The possessive are those which relate to posses- 
sion, or property: these are, my, thy, his, lier, our, 
your, their, 

13. The 6?wM6Mfti?c pronouns are those which denote 
the persons or things which make up a number, as taken 
separately and singly: these are, each, every, either, 

14. The demonstrative pronouns are those which pre- 
cisely point out the subjects to which they belong : as 
this and that; these and those. 

15. The indefinite are those which express their sub- 
jects in an indefinite or general manner : as some, other, 
any, one, all, such, 

QUESTIONS FOR EXAMINATION. 

1. For what are pronouns used ! 

2. How- many kinds of pronouns are there ? 

3. Which are the personal pronouns ? 

4. To which of the persons of pronouns has gender respect t 

5. How many cases have pronouns ? 
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6. Decline the personal pronouns. 

7. To whom do the first, second, mnd third persons of pronouns 
relate ? 

8. What are relative pronouns ? 

9. Explain the use of the relative what, 

10. Which are the interrogatives, and what are the cases of ths 
pronouns ? 

11. Into what are adjective pronouns divided ? 
li. What are the possessive pronouns ? 

Id. What are the distributive pronouns ? 

14. What are the demonstrative pronouns ? 

15. What are the indefinite pronouns t 



LESSON THE SEVENTH. 

OF VERBS. 

1 . A verb is a word that signifies to be^ to do, or to 
suffer: as I am, I love, I am loved, 

2. There are three kinds of verbs ;• transitive, in- 
transitive, and auxiliary or connecting verbs. 

3. A transitive verb is when the action passes over 
to, or affects some other person or thing; bs I dig the 
ground, 

4. An intransitive verb is one in which the action 
does not pass over to, nor affect any other person or 
thing; as / am loved, I run, I walk, &c. 

5. A verb transitive supposes a person or thing that 
acts, and a person or thing that is affected by the ac- 
tion : thus, / dig the ground, there is the person who 
acts, and the ground acted upon. 

* The usual distribution of verb* is into three kinds — active, passive, 
and neuter. The sole reason why such distinctions were ever applied 
to the English language seems to be, that they previously existed in 
connexion with the Latin. They are, however, discarded by the more 
philosophical grammarians, who, instead, distinguish them into transi- 
tive and intransitive. The only utility in this distinction is its sub- 
serviency to a grammatic rule, which says verbs active, or verbs transi- 
tive, govern the objective ease ; as truth ennobles Aer, she comforts me.&c. 
Here ennobles is considered as a verb transitive, because the action 
passes over to the object ; and if that be represented by a pronoun, it 
must be in what is called the objective, or the accusative case : but 
such instances as I sit, he lives, they sleep, are denominated in- 
transitive, because the effect is conBned within the subject or nomina* 
tive of the verb, and does not pass over to any object. 

G 
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6. The person or thing that acts is called the agent, 
and the person or thing acted upon is called the object; 
as when we say, Alexander conquered Darius^ Alex- 
ander is the agent and Darius the object. 

7. A verb transitive supposes an agent and an ob- 
ject: — a verb intransitive implies an agent, and has no 
object, as / walk ; but it may be followed by a noun of 
the same signification ; as / run a race, 

8. To find the agent of a transitive verb, we ask the 
question, who, or what^ before the verb ; as Who con- 
quered Darius ? answer, Alexander, the agent. To find 
the object, you ask the question, Wlwm did Alexander 
conquer ? answer, Darius, the object. 

9. The radical form of verbs, or that firom which all 
the modifications of them are derived, is that in which 
they follow the particle to; as to love, to run, 

10. The auxiliary, or connecting verbs are, am, are, 
be, become, is, was, were: and they serve to connect 
qualities with their subjects, or are used in conjunction 
with other verbs; as / am cold; John and James are 
going to London; God is good. 

1 1 . The person or thing preceding a connecting verb 
is called the subject, and a quality or thing coming after 
it is called the predicate. 

QUESTIONS FOR EXAMINATION. 

1. How do you define a verb ? 

2. How many kinds of verbs are there ? 

3. What is meant by a transitive verb ? 

4. What is meant by an intransitive ? 

5. What does a transitive verb imply ? 

6. What do you mean by the agent and object ? 

7. What does a verb transitive imply, and what a verb intran- 
aitive ? 

8. How do you find the agent and object of a transitive verb t 
9* What is the radical form of verba? 

10. Which are the auxiliary, or connecting verbs, and what is 
their use? 

11. What is meant by the subject and predicate ? 
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OF VERBS, CONTINUED — AND PARTICIPLES. 

1 . The properties of verbs are tnoody tense, number , 
and person, 

2. The moody is the mode or manner of expressing 
the sense of the verb : there are four moods, viz., the 
indicative, imperative, subjunctive, and infinitive, 

3. The sense of the indicative is certain, and it simply 
indicates or declares a tiling ; as / walk, he is beaten. 
Or it asks a question, Does he walk ? Was he hurt ? 
Have you learnt ? 

4. The imperative expresses a command, an entreaty, 
or permission: as go, run to the village; remain with 
us; act as you please: go, run, remain, act: — ^tkese 
are all in the imperative. 

5. The subjunctive mood expresses a thing condi- 
tionally, and is preceded by a conjunction expressed or 
understood; or its signification is uncertain and contin- 
gent, as under a condition, wish, supposition, &c. : as 
/ uill love him, though he reprove me. Were he more 
kind, he would be more amiable: that is, if he were 
more kind, &c. 

6. The infinitive mood is preceded by the preposition 
to, and is not hmited by person or number, but ex- 
presses a thing in a general and unlimited manner ; as 
to act, to run, to be loved, 

7. The tenses mark the division of time : they are, 
(1.) The present, expressing the time now: (2.) The 
perfect, expressing time past: (3.) The future, express^ 
mg time to come, 

8. In verbs there are two numbers; singular and 
plural; and three persons, viz., first, second, and third, 
singular and plural, answering to the pronouns, /, thou, 
he; we, ye or you, they, 

9. All words whatever, except /, thou, we, ye or 
you, are of the third person. 

10. The second person of the present tense, indi- 
cative mood, is formed by adding st or est, to the first 

c2 



Digitized by LjOOQ IC 



20 GRAMMAR. 

person; as love, loye<^; walk, walke5^, according as the 
verb has, or has not, the final e. In tJie plural number 
there is no change : as we love; ye or you love; they 
love, 

11. The third person is formed by adding to the first 
ih or eth; as love, loretk; walk, walkctA. But th or 
eth is often changed to «: as he loveth, or loves ; he 
walketh, or walks. 

12. The first and third person of the perfect tense, 
are formed by adding d or ed to the first person of the 
present, according as the verb has or has not the final 
e; as love, loved; walk, walkecf. 

13. The second person is formed by adding to the 
first person est, which is usually changed into st; as 
loved, lovedc5^, loved5f . 

14. The future tense is known by the sign of shall or 
will; as / shall or mill love, thou shalt or wilt love. 

•15. The imperative mood has only one tense, the 
present; and has the auxiUary verb let as its sign. 

16. The subjunctive mood has two tenses, the pre- 
sent and past: and has the signs may, can, might, 
could, would, should. 

17. The infinitive mood has two tenses, the present 
and past ; as to love, to have loved, 

18. Participles are certain forms of the verb, and are 
so called from participating the active properties of 
verbs, and the form and construction of adjectives. 
They are the present, and the past or perfect. 

19. The present participle is formed by adding ing 
to the verb ; as walk, walking: if the verb end in c, the 
e is dropped ; as love, loving; make, making; be makes 
bein^, and dye dyeing, 

20. The perfect participle is formed by adding d or 
ed to the verb; as love, loved; walk, wdAked. But 
there are many exceptions; as write, written; draw, 
drawn; bind, bound; &c. 

21 . The perfect tense, and perfect participle of verbs, 
having only one syllable, and ending in d or t, are the 
same as the present ; as read, read, having read; hurt, 
hurt, having hurt. 
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22. In verbs ending in d, preceded by a diphthong, 
one of the vowels is dropped in the perfect tense and 
perfect participle; as bleed, bled, having bled; feed, 
fed, having /erf. 

23. In verbs ending in ing and ch, the perfect tense 
and perfect participle ends in ght; as bring, brou^A^ 
teach, taught, 

24. Many verbs have the perfect tense and perfect 
participle ending in <; as dwell, dwelt; leave, left; 
pass, pas^ 

25. Auxiliary verbs are used with other verbs to 
ascertain the time and other circumstances of an action 
with greater precision ; and in forming the tenses, the 
change of termination is confined to the auxiliary ; as 
I do love; thou dost love; he doth love, &c. I am 
loving, thou art loving. 

QUESTIONS FOR EXAMINATION. 

1. What are the properties of verbs ! 
S. What is meant by the mood ? 

3. What is meant by the indicative mood ? 

4. What is meant by the imperative mood? 

5. What is meant by the subjunctive mood ! 

6. How is the infinitive mood known ? 

7. For what are the tenses used ? 

8. How many numbers and persons are there 1 

9. Of what person are words in general ? 

10. How is the second person of the present tense, indicative 
mood, formed ? 

11. How is the third person formed ? 

IS. How are the first and third persons of the perfect tense 
formed? 

13. How is the second person formed? 

14. How is the future tense known? 

15. How many tenses has the imperative mood, and what is its 
sign? 

16. How many tenses has the subjunctive mood, what are its 
signs? 

17. What are the tenses of the infinitive mood? 

18. What are participles and why so called? 

19. How is the present participle formed ? 
to. How is the perfect participle formed ? 
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^1. itt wbftt eaM vrathe perfect tense and perfect partfcqpde the 
fume as the present ? 

22. Jn what case is a rowel dropped in the perfect tense and 
perfect participle ? 

23. In what verbs do the perfect tense and perfect partidple^ 
end in ght 1 

24. In whet worde do th^ per^Mt tense and perfect participle 
end in t ? 

25. How and for what purpose are Auxiliary verbs used t 



LESSON THE NINTH. 

OP ADVERBS, PREFOSlTIONSy COKJUVCTIOIIS, AVP 
INT£BJBCTlOir&. 

1 . An adverb is a part of speech joined to a rerb 
an adjective, and sometimes to another verb, to express 
some quality or circumstance respcctmg it; as he writes 
well; a truly benevolent man; he fought very bravely. 

2. Some adverbs admit of comparison; as soon, 
sooner, soonest : and those ending in ly are compared 
by the words more and most; as godly, more godly, 
most godly. 

3. Prepositions express the relation that one word 
has to another ; as he went to Cambridge ; he walked 
from London to York in four days; they are supported 
by industry. . 

4. Conjunctions join words and sentences together, 
and show the manner of their dependence upon one 
another; as John and James Hve in the country; I 
will run, if you wish it. Conjunctions are either con- 
junctive, as and; or disjunctive y as nor. 

5. Interjections are broken or imperfect words, de- 
noting some emotion or passion of the mind ; as alas / 
I dreod to hear the news; oh ! how anxious I am I 

QUESTIONS FOR EXAMINATION* 

1. What do you mean hy an adverb 1 

2. How are adrerbs compered ? 

3. Of what use are prepositions ! 

4. Of what use are conjunctions t 

5. What are interjections t 
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LESSON THE TENTH. 

SYNTAX. 

1. Syntax treats of the agreement and construction 
of words in a sentence. 

2. A sentence is an assemblage of words forming a 
complete sense: the principal parts of which are the 
subject, the attribute, and the object. 

3. Ilie subject is the thing chiefly spoken of; the 
attribute is the thing or action affirmed or denied of it ; 
and the object is the thing affected by such action : as 
** Alexander pursued Darius;" "Alexander" is the sub- 
ject; "pursued" the attribute; " Darius" the object. 

4. The subject is the nominative to the verb, and 
usually goes before it ; and the word or phrase denot- 
ing the object follows the verb. " A prudent man re- 
strains his passions:" in this case ^' a prudent man," is 
the subject; "restrains" the attribute; " his passions" 
the object. 

5. Syntax consists, (1.) Of concord, which is the 
agreement of one word with another, in gender, case, 
and number. (2.) Of government, which is the power 
which one part of speech has over another in directing 
its mood, tense, or case. 

6. A verb must agree with its nominative case in 
number and person; as " I learn;" " thou walkest ;" 
** the man nms." 

7. Two or more nouns singular, joined together with 
a conjunction copulative, have verbs and pronouns 
agreeing with them in tlie plural ; as " Cicero and I 
are well:" but if the conjunction be disjunctive, the 
verb will be singular; as " Thomas or John hopes to be 
at home." 

8. A noun of multitude may sometimes have a verb 
or pronoun agreeing with it, either in the singular or 
plural number; as " the multitude e^L^erly pursue their 
pleasures ;" or, " the multitude eagerly pursues its plea- 
sures." 

9. Pronouns must always agree with their antece- 
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dents, and the nouns for which they stand, in gender 
and number; as "The man whom I respect." " This 
is the flower which I admire." " The boys and girls 
enjoy their play." 

10. When no nominative case comes between the re- 
lative and the verb, the relative is the nominative ; as 
'* The friends who walked with us." 

1 1 . When a nominative comes between the relative 
and the verb, the relative is governed by some other 
verb; as ** to whom I owe my being;" here the relative 
whom is governed by the preposition to. 

12. Every adjective belongs to a substantive ex- 
pressed or understood ; as " Few are really happy ;" 
that is y few persons. " This is a beautiful plant;" that, 
is, this plant is, &c. 

13. The article a or an agrees with singular nouns 
only; but the article the may agree with singular or 
plural nouns ; as " the field," *' the fields." 

QUESTIONS FOR EXAMINATION. 

1. Of what does syntax treat! 

2. What is a sentence ? 

3. Explain what is meant by the subject, attribute, and object. 

4. Which precedes, and which follows the verbl 

5. Of what does syntax consist ? 

6. How does a verb agree with its nominatiTe case ! 

7. In what case do singular nouns require plural verbs t 

8. May a noun of multitude have a verb plural ? 

9. Do pronouns agree with their antecedents 1 

10. When is the relative the nominative to the verb 1 

11. In what case is it not the nominative to the verb ? 

12. Must every adjective belong to some noun ? 

13. What is the difference in agreement between the indefinite 
article a or an, and the definite article the ? 



LESSON THE ELEVENTH. 

SYNTAX CONTINUED. 

I. 'Jne substantive governs another, signifying a dif- 
ferent thing in the possessive case ; as " My brother's 
horse." 
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2. Transitive verbs govern the objective case ; as 
" The master instructs me or him," " A good cause 
supports us or them,** 

3. One verb governs another in the infinitive mood ; 
as 'M am ready to answer him, or her." 

4. Participles govern the same cases as the verbs 
from which they are derived ; as " His friend is weary 
in admonishing him," 

5. Adverbs are for the most part placed before ad- 
jectives, after transitive or intransitive verbs, and fre- 
quently between the auxiliary and the verb ; as "He 
spoke a very long time, and was attentively heard by 
all the company." 

6. Two negatives destroy one another ; as, " His 
manner is not ungraceful ;" that is, " He has a grace- 
ful manner." 

7. Prepositions govern the objective case ; as ** He 
spoke well of her" " I ran by her, or him" " TTiey 
will come to us," 

8. Conjunctions connect the same moods and tenses 
of verbs, and cases of nouns and pronouns ; as " The 
firiend praised and rewarded us." " The master re- 
proved him, and me, and her," 

9. Conjunctions that are of a positive nature require 
the indicative mood ; ** He is wealthy, because he is 
temperate :" but those that imply something doubtful 
require the subjunctive mood ; as '* //* I were to admo- 
nish him, he would not attend." 

10. When the qualities of different things are com- 
pared, the latter noun or pronoun agrees with the verb, 
or is governed by the verb or the preposition expressed 
or understood; as " You walk faster than I:" that is, 
** than I walk." " They were more fortunate than 
we :" that is, "than we were." " He loved her more 
than me :" that is, " more than he loved me." " It is 
better expressed by him thanher :" that is, " than by her." 

QUESTIONS FOR EXAMINATION. 

1. How do substantives govern one another? 
a. What case do transitive verbs govern 1 



Digitized by V^jOOQ IC 



9S INTRODUCTION TO 

3. In wbst mood doeg one terb gorcm taoAwl 

4. Wbat cases do paitioiples gO¥4BrB ? 

5. How are adverbs placed ? 

6. What effect bave negatives 1 

7. Wbat cases do prepositions govern ? 

8. What is the use of conjunctions? 

9. In wbat cases do conjunctions govern tbe indicative, aad in 
wbat tbe subjunctive mood? 

10. In comparing the qualities of different tbiogs, witb wb9t 
does tbe latter noun agree, or by wbat im it governed Y 



LOGIC. 

ON THE CHARAbTER AND WRITINGS OF LOCKE, AND THE 
UTILITY OF LOGIC. 

" Laying aside prejudice, whetber fasMonable or unfiabioiuible, let 
ui consider whether Logic may be made subservient to any good pur- 
pose. Its professed end is to teach men to think, to judge, and to 
reason witb accuracy.*' — Reid's Appendix to Lord £amet*s Sketch on 
the Principles 4Md Progreu qf Beaton, 

At the head of the metaphysical speculatioiis of the eighteenth 
century, the great names of Lockb and Leibnitz are placed 
with indisputable propriety. Whatever may be thought of 
tiie truth of their doctrines, or of their comparative rank in 
philosophical genius, it cannot be doubted that they exercised 
the chief influence on the opinions of the succeeding age. 
The spirit of every system which has since arisen is derived, 
directly or indirectly, from one of them. Our illustrious 
countryman was a native of Somersetshire ; Leibnitz was a 
German: and the genius as well as the character of the phi- 
losophy of these two eminent men were diametrically oppo- 
site to each other. Their names are the most conspicuous in ' 
the two schools of philosophy, whichi for want of better 
names, may be called experimental and speculative j though 
some of their followers have gone nearer to both extremes 
than their masters, while others have remained at various 
points in the space between them. There never were two 
contemporary philosophers whose genius were so dissimilar, 
and whose philosophical systems were so much at variance, 
not only in particular doctrines, but in spirit and tendency. 
It will be my business briefly to examine those of the form^. 



Digitized by LjOOQ IC 



LOGIC. 27 

Tbe fSMeracter of Locke • writings esDnot be well under- 
•tood without oonsideniig the circiimstances of the writer. 
Educated wnong the English Dissenters, during the short 
period of their political ascendancy, he early imbibed that 
deep piety and ardent spirit of liberty which actuated that 
body of men ; and he probably imbibed also, in their schools, 
tiie disposition to metaphysical enquiries, which has every 
where accompanied the Ualvinistic theology. Sects founded 
in the right of private judgment naturally tend to purify 
themselves from intolerance, and, in time, learn to respect 
in others the freedom of thought, to the exercise of which 
they owe their own existence. B^ the Independent divines, 
who w^e his instructors, he was mitiated into those princi- 
ples of religious liberty, which they were die first to teach 
and to disck>se to the world. When fr«e enquiry led him to 
milder dogmas, he retained the severe morality which was 
tiieir honourable singularity, and which continues to distin- 
guish th^ successors in those communities which have aban- 
doned their rigorous opinions. His professional pursuits 
afterwards engaged him m the study of the physical sciences, 
at the moment when the spirit of experiment and observa- 
tion was in its youthful fervour, and when a repugnance to 
scholastic subtleties was the ruling passion of toe scientific 
world. At a more mature ase, he was admitted into the so- 
ciety of great wits and ambitious politicians. During the 
remainder of his life, he was often a man of business, and 
always a man of the world, without much undisturbed leisure, 
and probably with that abated relish for merely abstract spe- 
culation, which is the inevitable result of converse with so- 
ciety and eimerience in afi^irs. But his political connexions 
agreeing with his early bias, made him a zealous advocate of 
liberty, in opinion and in government; and he c;radually 
limited his zeal and activity to the illustration of such generd 
principles as are the guardians of these great interests of hu- 
man society. Almost all his writings, even his celebrated 
and immortal " Essay" itself, were occasioned and intended 
directly to counteract the enemies of reason and of freedom 
in his own age. The first letter on Toleration, the most ori- 
ginal perhaps of his works, was composed in Holland, in a 
retirement where he was forced to conceal himself from the 
tyranny which pursued him into a foreign land ; and it was 
published in England, in the year of the Revolution, to vindi- 
cate the Toleration Act, of which the author lamented the 
imperfection. 

His '^Treatise on Government*' is comi>osed of three parts. 
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of different character, and very unequal merit. The confuta- 
tion of Sir Robert Filmer, with which it opens, has long lost 
all interest, and is now to be considered as an instance of the 
hard fate of a philosopher who is compelled to engage in a 
conflict with those ignoble antagonists, who acquire a mo- 
mentary importance by the defence of pernicious falsehoods. 

His "£ssay on the Human Understanding*' is the first 
considerable contribution in modem times towards the ex- 
perimental philosophy of the human mind. The road was 
pointed out by Bacon : but before Locke there was no exam- 
ple in intellectual philosophy of an ample enumeration of 
facts, collected and arranged for the express piurpose of legi- 
timate generalization. He himself tells us, that his purpose 
was, " in a plain historical method, to give an account of the 
ways by which our understanding comes to attain those no- 
tions of things we have." In more modem phraseology, 
this would he called an attempt to ascertain, by observation, 
the most general facts relating to the origin of human 
knowledge. There is something in the plainness, and even 
homeliness, of Locke's language, which strongly indicates his 
very clear conception, that experience must be his sole guide; 
and his unwillingness, by the use of scholastic language, to 
imitate the example of those who make a shew of explaining 
facts, while in reahty they only " darken council by worcU 
without knowledge. He is content to collect the laws of 
thought, as he would have collected those of any other object 
of physical knowledge, firom observation alone. 

Few books have contributed more to rectiiy prejudice — ^to 
undermine established errors — ^to diffuse a just mode of think- 
ing — ^to excite a fearless spirit of enquiry — and yet to contain 
it within the boundaries which nature has prescribed to the 
human understanding. An amendment of the general habits 
of thought is, in most parts of knowledge, an object as im- 
portant as even the discovery of new tmths, though it is not 
so palpable, nor in its nature so capable of being estimated by 
superficial observers. In the mental and moral world, which 
scarcely admits of an^ thing which can be called discovery, 
the correction of the mtellectual habits is probably the great- 
est service which can be rendered to science. Li this respect 
the merit of Locke is unrivalled. His writings have diffused 
throughout the civilized world a love of civil hberty — ^the spi- 
rit of toleration and charity in religious differences — ^the dis* 
position to reject whatever is obscure, fantastic, or hypo- 
thetical in speculation — ^to reduce verbal disputes to their 
proper value — ^to abandon problems which admit of no solu- 
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tion — ^to distrast whatever cannot be clearly expressed — to 
render theory the simple expression of facts — and to prefer 
those studies which most directly contribute to human happi- 
ness. U Bacon first discovered the rules by which know- 
ledge is improved, Locke has most contributed to make man- 
kind at large observe them. He has done most, though often 
by remedies of silent and almost insensible operation, to cure 
those mental distempers which obstructed the adoption of 
these rules; and thus led to that general diffusion of a health- 
ful and vigorous understanding, which is at once the great- 
est of all improvements, and the instrument by which all 
other improvements must be accompUshed. He has left to 
posterity the instructive example of a prudent reformer, and 
of a phUosophy temperate as well as Uberal, which spares the 
feelings of the good, and avoids direct hostility with obstinate 
and formidable prejudice. These benefits are very sliehtly 
counterbalanced by some political doctrines liable to misap- 
plication, and by the scepticism of some of his ingenious fol- 
lowers: an inconvenience to which every philosophical school 
is exposed, which does not steadily limit its theory to a mere 
exposition of experience. If Locke made few discoveries, 
Socrates made none. Yet both did more for the improvement 
of the understanding, and not less for the progress of know- 
ledge, than the authors of the most brilliant discoveries. 
Mr. Locke will ever be regarded as one of the greatest orna- 
ments of the English nation ; and the most distant posterity 
will speak of him in the language of gratitude and ad- 
miration. 

"No man will say," says Dr. Reid, "that to think, to 
judge, and to reason with accuracy, is a matter of Uttle im- 
portance ; the only thing, therefore, that can admit of doubt 
IS, whether it can oe taught. To resolve this doubt, it may 
be observed, that our rational faculty is the gift of God, 
given to men in very dificrent measures : some nave a large 
portion, some a less ; and when there is a remarkable defect 
of the natural power, it cannot be supplied by any culture. 
But this natural power, even where it is the strongest, may 
lie dead for want of the means of improvement. Many a 
savage may have been born with as good faculties as a New- 
ton, a Bacon, or an Aristotle ; but their talents were buried 
by having never been put to use, whilst those of the philoso- 
.phers were cultivated to the best advantage. It may Uke- 
wise be observed, that the chief means of improving our 
rational power is the vigorous exercise of it in various ways, 
and on different subjects, by which the habit is acquired of 
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ezereismg it pw^erly. Without sncb exercise, and good 
tense also, a man who has studied logic all his life may be 
only a petulant wrangler, without true judgment or skill of 
reasoning in any science." 

This was undoubtedly Locke's meaning, when, in hia 
"Thoughts on Education," he says, "If you would have 
your son to reason well, let him read ChilUngworth." The 
philosophy of mind has much enlarged, and altered, and 
improved the art of logic since Locke wrote : — to this im- 
provement his writings have greatly contributed ; and yet in 
the present day much less stress is laid upon it, nnd less time 
consumed in its study. '* His counsel," therefore, to adopt 
the sentiments of a clever modem writer, "was judicious and 
seasonable : to wit, that the improvement of our reasoning 
power is to be expected much more from an intimate ac- 

Suaintance with the authors who reason best, than from stu- 
ying voluminous systems of school logic. But if he had 
meant that the study of logic was of no use, nor deserved 
any attention, he sm-ely would not have taken the pains to 
make so considerable an addition to it, by his ' Essay on the 
Human Understanding,' and by his * Thoughts on the Con- 
duct of the Understanding ;* nor would he have remitted 
his pupil to Chillingworth, the acutest logician, as well as the 
best reasoner of his age." 

That a man may acquire the abihty to think clearly and to 
reason justly in mathematics, and perhaps in any other 
science, without the aid of the principles and rules of logic, is 
indisputable. Good faculties, good examples, industry and 
assiduous exercise, may train a man to reason justly and 
acutely in his own profession without rules. " But whoever 
thinks that from this concession he may infer the inutiUty of 
logic, betrays by this inference a great want of that art : for 
he might as well infer, because a man may go from London 
to Edinburgh by the way of Fttns, that, therefore, any other 
road is useless. 

Mental philosophy can consist of nothing but facts ; and it 
is at least as vain to inquire into the cause of thought, as 
into the cause of attraction. What the number and nature 
of the ultimate facts respecting mind may be, is a ques- 
tion which can only be determined by experience : and it is 
of the utmost importance not to allow their arbitrary multi- 
pUcation, which enables some individuals to impose on lur 
their own erroneous or uncertain speculations as the funda- 
mental principles of human knowledge. No general criterion 
has hitherto been offered by which Siese last principles may 
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be distmguished from all other propositknis. Perhaps a prao* 
tical standard of some conyenience would be, that all rea^ 
$oner8 should be required to admit every principle of which 
the denial renders reasoning impossible. This is only to re- 
quire that a man should admit in general terms those princi- 
ples which he must assume in eyery particular argument, and 
which he has assumed in every iurgument which he has em- 
ployed against their existence. It is, in other words, to re- 
quire that a disputant shall not contradict himself: for every 
argument against the fundamental laws of thought absolutely 
assumes their existence in the premises, while it totally 
denies it in the conclusion. 

The art of reasoning involved in the science of metaphysics 
may be fairly appreciated by the universality of the practice. 
Do what we will, we must philosophize, well or ill; and the 
minds of the ignorant swarm with insect hypotheses : they 
for ever genersdize too soon, and too much. Objects at a dis- 
tance, as seen by a mere glance, are much sJike, and all 
colours are the same to those that are in the dark. Lessing 
has declared, that if the Almighty had offered truth in one 
hand, and the art of searching for it in the other, he would 
have taken the latter. This is undoubtedly very strong; and 
very different is the fashionable creed in our time : though it 
is confessed that metaphysics are good preparatory studies, 
as some green crops may be profitably raised, if to be ploughed 
into the land intended to bear more useful grain. It is 
allowed, too, that they may invigorate the faculties, as archers 
strengthen their arms by shooting into the air. 

I think, however, that I shall render the young and anxious 
student in this most important science, an essential and ac- 
ceptable service, by arranging, for his help and direction, a 
list of the most eminent writers, in an order the most con- 
venient for study, and best calculated to facilitate a steady 
and regular progress. I place at the head of this list the 
immortal work which I have already briefly analyzed. 

Locke's *' Conduct of the Understanding." 

The first book of his ** Essay." 

Duncan's " Logic ;" not as a logic, but as a clear and ele- 
mentary exposition of Locke's elementary opinions. 

Hobbes's " Treatise on Human Nature." 

The first nine chapters of the ** Leviathan." 

Hobbes's " Treatise on Liberty and Necessity." 

I may observe, that Locke has borrowed from Hobbes, 
though he prudently did not venture to quote the latter, fore^ 
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seeing that he should call up a host of implacable and powers 
fill enemies. 

Hartley's "Theory;" paying no attention to his hypothesis 
of vibrations. 

The remainder of Locke's " Essay." 

Collins on " Liberty and Necessity." 

Dr. Clark's metaphysical works. 

Reid's "Enquiry." His larger work may be looked at 
cursorily. 

All Dugald Stewart's works ; for though he is sometimes 
wrong in his elementary principles, he is always an instruc- 
tive, elegant, and encouraging writer. 

Berkdey's "Theory of Vision;" which I consider an in- 
estimable contribution to science. 

Whateley's" Logic." 

Cudworth's "Immutable Morality." 

Butler's "Analogy," and all his " Sermons." 

Cooper's " Essay on Moral Obligation." 

Hume's " Enquiry into the Principles of Morals." 

Dr. Johnson's " Review of Soame Jenyns." 

Mackintosh's "Dissertation;" to be read with care. 

Dr. Brown's "Lectures." The ethical lectures seem to 
me inferior to the metaphysical, being not only wordy, but 
erroneous in the fundamental principle. He has miscon- 
ceived Hartley's and Hume's opinions ; yet the earliest parts 
of the work are of much value ; especially his account of the 
origin of our notion of extension and eternal existence. This 
excepted, it appears to me that even his best passages are 
chiefly commentaries on Hartley's thoughts, though he does 
not seem to have read him carefully. Brown is fdso too de- 
clamatory, and too full of repetitions. 

Mills's " Analysis of the Unman Mind." 

The writers here recommended often differ essentially from 
each other ; but it frequently happens that to understand an 
author, it is necessary to look at his predecessors and his an- 
tagonists. In most speculations, prevalent opinions are either 
disputed or defended. This should never oe forgotten. 

I am aware, likewise, that this is the road-book of a long 
journey ; but I believe, and have learned from my own expe- 
rience, that, in such subjects, " the farthest way about, is the 
nearest way home." Mr. Home Tooke is reported to have 
said of intellectual philosophy, that he had become better 
acquainted with the country through having had the good 
hick sometimes to lose his way. 
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To the ardent and excited student, it is, I am persuaded, 
altogether useless to add one word as to the probable advan- 
tages of such a laborious pursuit of first principles; being so 
well aware, as he must be, limited as is his experience, that 
to begin at the beginning in the sciences, as well as in mat- 
ters of fact, is the nearest and safest road to the end. £ven 
sensible men are too commonly satisfied with tracing their 
thoughts a little way backwards; and they are, of course, 
soon perplexed by a profounder adversary. In this respect, 
most people's minds are too like a child's garden, where the 
flowers are planted without the roots, it may be said of 
morals and of literature, as truly as of sculpture fuid painting, 
that to understand the outside of human nature, we should 
be well acquainted with the inside. It is well for those who 
can handle the anatomist's knife, as well as the artist's 
pencil. 

LESSON THE FIRST. 

INTRODUCTION. 

. . Logic, or the art of reasoning, is intended to 
guide and assist the intellectual powers in the investiga- 
tion of truth, and in the communication of it to others. 

Illustration. — Logic is not a mere explanation of 
scholastic and barbarous phrases ; nor a set of rules to 
teach the art of disputation : but it traces the progress 
of the human understanding in the acquisition of know- 
ledge, and thus suggests the best methods of avoiding 
error, and discovering truth. The object of this science, 
therefore j is to explain the nature of the human mind, 
and the proper manner of conducting its several powers, 
in order to attain knowledge and truth. It lays open 
those errors to which we are liable through inattention; 
and teaches us how to distinguish between truth and 
the appearance of it. By these means we become ac- 
quainted with the nature and the power of the under- 
standing ; see what thmgs lie withm its reach ; where 
we may attain certainty and demonstration ; and where 
we must be contented with probability. 

2. The operations of the mind in acquiring and com- 
municating knowledge ar*>* * Perception," " Judgment," 

D 
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** Reisownr/^ and '^ Dispontion;'' and into these parts 
logic is dimed. 

3. Perception^ or conception, is the attention which 
the mind gives to impressions made upon it, and the re* 
suits of perception are sensations and ideas. 

Example. — ^We can conoeke of a horse, a tree ; of 
motion, time^ Sec.; which will prodnce correspondaig 
sensations and ideas. 

4. Judjfment is the operation of the mind hj which 
we join two or more ideas together by an affirmation or 
Qe8;ation. Sentences called propositions are the e&ct of 
ju^menL 

Example. — '^ This tree is high ;'' here are two ideas^ 
one of a tree, and another of its height : the sentence is 
complete and affirmative. ^^ That house is not large :" 
this is a negative proposition. Both are the e£fect of 
judgment. 

5. In reasoningy we determine the relation between 
two ideas, by comparing th^on with a third idea,, called 
the middle term. 

Example. — If we affirm that '^ God will make a dif* 
ference l^tween the evil and good," it is the result of 
reasoning, by which we suppose that ^^A just being 
will make a difference between the good and evil ;" and 
also, that ''God is a just bemg.'^ 

6. The residt of reasoning is an inference ; and the 
expresssion of an act of reasoning is called a syllogisoL. 

Ex. — ^A Creator is to be worshipped. 

God is aCreator; 

Therefore, God is to be worshipped. 
Here is a syllogism: and the infereaice is^ that ''God 
is to be worshipped." 

7. JDispodHon is the proper arranging of our ideas 
upon any subject, so as to assist our own and others' 
conception and memory. The result of dispositioa is 
method* 

QUEsaaovs los examihatiov. 

1. For what k logic intendedl 
Cm ygn, giro tht iUttttntMil 
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1L Whtt an the op««tMai of Um nind with regard to kgiot 
3* What if meant by percoptioa t 
Giro the example. 

4. What do you mean by judgment, and of what are aentanoet 
the effect? 

£bq[>lam what is meant by tlie examines. 
5k What is meant by reaaoning t 
Explain tiiis by means o£ the example. 

6. What is the result and expreasioB of reasoning 1 
Gire the example. 

7. What is disposition, and the result of it? 



LESSON THE SECOND. 

07 IJ>£AS. 

1. There are two modes of perception^ viz., sensa- 
tion and reflection. 

2. Sensation is the perception of an object by the 
organs of sense; wluch are nve, namely, the " sight,'' 
"h^rh^," "taste," "smell," and "touch." 

Illustration. — It is by 6ur senses we acquire the 
ideas of light and darkness ; of heat and cold ; and all 
those other impressions which we term sensible qualities. 
It is so difficult to unravel the operations of the human 
understanding, and to reduce them to theu* first princi- 
ples, that we cannot expect to succeed in the attempt, 
but by beginning with Uie simplest, and proceeding by 
very cautious steps to the more complex. The five ex- 
ternal senses may, for this reason, claim to be the first 
considered in an analysis of the human ikculties. 

3. Reflection is the mind's perception of its own 
ikculties and operations, and by this we acquire sensa- 
tions and ideas. 

Illustration. — Reflection pre-supposes sensation, as 
the impressions it furnishes are only the effect of the va- 
rions powers of the understanding, employed about per- 
ceptions ahready in the mind. 

4. A sensation is the impression made upon the mind 
by an object actually present ; an idea is a revived im- 
pression in the absence of the object. 

d2 
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Illustration.— The grand source and inlet of know- 
ledge is sensation, which comprehends all the notices 
conveyed into the mind by impulses made upon the 
organs of sense. 

5. Ideas are either simple or complex. 

6. Simple ideas are those that exist in the mind un- 
der one uniform appearance, without variety or com- 
position : as a colour, or sound. 

7. Complex ideas are those that may be divided into 
two or more simple ideas : as a square, a triangle, &c. 

8. Simple ideas enter the mind only by inlets appro- 
priated to this purpose, and it cannot refuse to receive 
them. 

9. Simple ideas are incapable of change, but they 
gradually wear out of the mind unless revived by the 
same means by which they were originally acquired. 

Ex. — We soon, forget the countenance of a man 
whom we have seen but once. 

10. Simple ideas are capable of combinations in an 
indefinite variety of forms, and are the materials of all 
our knowledge. 

1 1 . Complex ideas are either representations of ob- 
jects really existing, or collections made at the pleasure 
of the mind. 

12. The objects really existing are either substances, 
or modes. 

13. Substances are beings or things subsisting by 
themselves : as steel, brass, &c. Modes are the proper- 
ties of substances, and dependant upon them for sup- 
port: as hardness, softness, brightness, extension, &c. 

14. Our ideas of Substances extend only to their 
properties. 

15. Modes are either essential or accidental: an 
essential mode is that which is necessary to its existence : 
as solidity and roundness are essential to a bowl : an ac- 
cidental mode is that which is not necessary to the exist- 
ence of the subject : as roundness is only an accidental 
mode of a stone : the bowl cannot exist, as a bowl, with- 
out roundness, but a stone may* 
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QUESTIONS FOR EXAMINATION. 

1. How many modes of perception are there ? 

2. What is meant by sensation; and which are the senses? 
Give the illustration. ' 

3. What do you mean by reflection t 
What does it pre-suppose ? 

4. What do you mean by a sensation, and also by an idea? 
Give the illustration. 

5. How are ideas divided ? 
'6. What are simple ideas ? 
7. What are complex ideas ? 

6« How do simple ideas enter the mind ? 
9,' Do simple ideas change, or wear out? 
What is the example ? 

10. Can simple ideas be combined, and how are they im- 
portant? 

11. In what manner do complex ideas exist in the mind ? 
IS. Into what are existing objects divided? 

13. What do you mean by substances and modes ? 

14. To what do our ideas of substances extend ? 

15. How are modes distinguished, and how are they defined 1 



LESSON THE THIRD. 

OF IDEAS AND WORDS. 

. Complex ideas, consisting of collections formed at 
the pleasure of the mind, are produced by "composi- 
tion," "abstraction," and "comparison." 

2. Composition is the joining together two or more 
simple ideas, and considering them as one picture or re- 
presentation : such is a waggon, a mile-stone, &c. 

Illustration. — By adding units together we come 
to the combinations of dozen, score, hundred, &c. 
Again, harmony is a compound idea made by the union 
of many sounds. 

3. Abstraction is the attention of the mind to those 
properties in an object which it possesses in common 
with others, while it overlooks those which are pecidiar 
to it. 

Ex. — In contemplating a square, triangle, circle, &c., 
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we retain only a notion of their figure, without regard to 
their size. 

4. Comparison is the act of the mind by which two or 
more oljects being brought at once into &e view of the 
mind, their mutual correspondences or relations are dis- 
covered. Hence the ideas of greater and less; father 
and child; &c. 

5. Words are articulate sounds used as the signs 
of ideas. 

6. The connection between words and ideas is per- 
fectly arbitrary; but, by frequent use, a term becomes so 
strongly associated with an idea, that it never faik to 
suggest it. • 

7. The use of words is to record our own trams of 
ideas, and to communicate our thoughts to others ; Our 
ideas are recorded by being clothed in words, and com- 
municated in writing. 

8. We Gonmiunicate our thoughts to one another by 
a tacit agreement to annex the tame ideas to the same 
words. 

9. Language may be resolved into nouns and verbs, 
with their abbreviations. 

10. Nouns express the 9ames of things, and are 
either substantives, which are the thihgs spoken of, or 
adjectives, which denote the quahties or circumstances 
bebngkg to then. 

11. Verbs express modss of existence, either simply, 
as ''to be:'' or existence in an active state, as *^to 
run," ''towalk,^ isc,i or exiftenee in a pafsnre state, 
as '' to be elected.'' 

12. Indeclinable particles are abbr^viatioiis of noimt 
and verbs, ini^nted for the greater expedition of com- 
municating our thoughts! tibiu (^signifies giv§: and 
signifies add, being the imperatives of the vwbt. 

13. Simple words are the elements of language as 
shnple ideas are of all knowledge. 

^UESTIOKS rOH EXAMINATION, 
1« How are complex ideas, consisting of collections formed tt 
pl9«iare,produ0«dt 
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S. Yfhai 18 meant by eompotition ? 
Give the iUustration. 

3. What is meant by abstractioii ? 

4. What is meant by cosnpariioa ? 

5. What are words? 

6. How are words and ideas connected 1 

7. What is the use of words ? 

8. By what supposed agreement are we enabled to oommnni- 
oate our thoughts to one another? 

9. Into what is language resolved ? 

10. What is meant by nouns ? 

11. What do rerbs express? 

1^. What are indeclinable particles ? 
13. What are simple words ! 



LESSON THE FOURTH. 

OF DETO^mOK. 

1. Definition is an ammeRition of the duef simple 
ideas of whidi a compouad idea consists, in order to 
ascertain or explain its nature and diaraeter. 

2. D^niticms are either itominal^ of the name ; or 
real, of the thing. 

3. A nominal definition is »a enumefation of certain 
marks or characters, sufficient to distinguish the thing 
defined from any <^her. Such is the definittcm of a 
square, as a figure containing four equal skks, and four 
right angles. 

4. A definkion of a iking inckides am eamneratioft of 
the principal attnbules of the thing, in order to explain 
its nature : thus an isosceles triangle is a %ure hayii^ 
the angles at the base ecmaL 

5. Definitions are e^er uoeuraU or vmccwratei the 
first are strictly definitions : the secoiul only descriptions. 

6. The ndesloi^ good definition are, (i.) It shoi^ 
be clear, and more obvious, than the ihm^ defined^ 
(2.) It should agree to all the species included under the 
same idea. (3.) It must be peculiar to the thing defined. 
(4.) It should be short. (5.) Neither the thing defined 
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nor a mere synonymous name should make any part 
of the definition. 

QUESTIONS FOR EXAMINATION 

1. What is a definition 1 

S, How are definitions distinguished ? 

3. What do you mean by a nominal definition 1 

4. What is meant by the definition of a ihing ? 

5. How are definitions distinguished with regard to accuracy ? 

6. What are the rules for a good definition ? 



LESSON THE FIFTH. 

OF JUDGMENT, TESTIMONY, AND PROPOSITIONS. 

1 . When two ideas are compared, they either concur y 
as snow and whiteness ; or they coincide, as God and 
Creator : or they do not concur, as vice and usefuhiess ; 
or they do not coincide, as man and brute. 

2. When the concurrence or coincidence of ideas or 
the want of it is perceived by the intervention of a third 
idea, this is callea judgment. 

3. The sources of judgment are consciousness, sense, 
intuition, and testimony. 

4. Conscumsness is the mind's perception of its own 
existence, faculties, and operations. 

5. The senses teach us the existence, properties, and 
powers of external objects : and the foundations of na- 
tural knowledge. 

6. Intuition is the instant perception of the relation 
between two ideas ; as " the whole is greater than any of 
its parts, and equal to all its parts.'' 

7. Testimony is the criterion of facts, which do not 
fall immediately under our own observation. 

Illustration. — The province of testimony is the 
proof of facts, which, having happened in past times, 
or in distant places, have not ^len under the cognizance 
of the senses. Testimony must be true when the relater 
is not himself deceived, and does not intend to impose 
on others. 
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8. A judgment or mental proposition, is that union 
or separation of the ideas which is the result of the act 
of judging, and it may exist without any connection 
with words. 

9. A proposition is a judgment clothed in words; and 
it consists of three parts : the subject, the predicate, and 
copula. 

Ex. — 1. Virtue is excellent. 

2. Gold and silver are the most precious metals. 

Here virtue in the one example, and gold and silver 
in the other, are subjects : the verbs is and are the 
copulee; excellent and most precious metals the predi- 
cates. 

10. The subject oi a proposition is the idea concern- 
ing which something is affirmed or denied : iht predicate 
is the idea united to, or separated from, the subject : the 
copula is the sign which represents the union or the sepa- 
ration of the subject of the predicate. 

Illustration. — In the proposition, " Wisdom is the 
principal thing." Wisdom is the subject, is the copula, 
zxidi principal thing the predicate. 

11. The several parts of a proposition are not always 
distinctly expressed, but are always understood: thus 
"I walk," "he pleads," maybe resolved into "I am 
walking," "he is pleading." 

• 12. Propositions may be divided into affirmative and 
negative: the affirmative connects the predicate with 
the subject: as "gold is heavy:" the negative sepa- 
i*ates the predicate from the subject: as "Man is not 
perfect." 

13. Propositions are universal and particular : in an 
universal proposition the predicate extends to the whole 
subject : as " All men are mortal." " No man is truly 
happy." 

14. The signs of an universal proposition are usually 
the words all, every, no, none. 

15. In a particular proposition the predicate is limited 
to a part of the subject : as " SoTne people are good." 
" Many philosophers have been deceived." 
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16. T^ «igiiB of p«uiaciil»r propoatkntt «re <om«, 
flMETty, /aia, Ac 

17. Proposkiobs aie ti«e or fiifae : a Irse pv^xNntkm 
unites ideas that agree, and separates those that drngree : 
ag ''God is good.'' '' Men are not trnly wiae." 

18. A/oSk proposition afirm an agreememt between 
ideas that disagree, and a disagreement between those 
which agree : as '' A good king opporeises his sHl]jeots." 
^ Virtue is not the road to solid b^^Nness." 

19. A demonstrable proposition is one that may be 
proved by a train of reasoning, catted demoostratkm: as 
''Any two sngles of a trit^g^e, taken together, are 
greater than the third. 

Illvst&atiok. — DemcHMtration is a suooession of 
ooimected proportions, be^nning with sei^-evident, and 
advancing to remoter tru^ : such is mathematical de- 
monstration which begins with definitidBs; fiom these 
it advances to axioms, or sdf-evident jwopositions ; and 
thenoe to more remote truths. 

20. Corollaries are infa^nees deduced fron truths 
already demonstrated. 

QUESTIOKS FOR EXAMIKATION. 

1. WB«t ve the malts of die co mpi riiaa of ideas 1 

3. What is meant by judgment? 

3» What are the souroesef jadfm«^? 

4. How is tonactensBees defined \ 

5. What do the senses teaehl 

6. What is intuition 1 

7. What is meant by testimony ? 
Giye the illustration. 

8. What is meant by a jodgmovt, er meMal propesition 1 
% What is a proponboal 

Esfdain this by examples. 

10. What is meant by the "subject," "predicate," vnd ''cOi- 

p^r 

11. Are the seyeral parts of a proposition always dis^ctly ex- 
pressed? 

12. How are propesitions dirided, sad what do ewfa neaa ? 
15. What is the next dinsion, nd what is meant by an uat- 

versal proposition ? 
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14. linMt an tbe sigzu of n unlfaaa l fnopeaition? 

15. How is a particular proposition defined ? 

16. Wliich are ihe signA ^a partiealar proposition \ 

17. How are propositions divided as to their tru^ and what is 
meant by a true proposition ? 

18. Explain what is meant by a false proposition. 

19. What is a demonstrable proposition ? 
^TB the illustration* 

20. What are ooioUarieal 



LESSON THE SIXTH. 

or KK&aavivGw v 

1. Rea9CHiu^ determmes 6ie relation between two 
ideas, by the intervention of a tliird with which they are 
compared, 

Illustratiott. — ^When, for instance, we compare 
two figures of a different make in order to judge of tiieir 
equality or inequality, it is plain, that, by barely con- 
sidering the figures themselves, we cannot arrive at an 
exact determination ; because, by reason of their dis- 
agreeing forms, it is impossiWe to put them together, so 
that their several parts shall muttmlly coincide. Here, 
then, it becomes necessary to look out for some third 
idea that wUl admit of such an application as the present 
case requires ; wherein if we succeed, all difficulties va- 
nish, and the relation we are in quest of may be traced 
with ease. Thus right-lined fiigmres are afl reduced to 
squares, by means of which we can measure their areas, 
and determme exactly their agreement or disagreement 
in point of magnitude. The manner of determining 
the relation between any two ideas, by the intervention 
of some third with which they may be compared, is that 
which we call reasoning: and is, indeed, the diirfii^tni- 
ment by which we push our discoveries, and enlarge our 
knowledge. The great art lies in finding out such inter- 
mediate ideas, as, when compared with the others in the 
question, will furnish evident and known truths ; because^ 
as will afterwards appear, it is only by means of them 
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that we arrive at the knowledge of what is hidden and 
remote. 

2. If the two given ideas 'agree with the third idea, it 
is evident that they must agree with each other. If one 
agrees and the other diss^ees, their mutual disagree- 
ment is inferred. 

3 . Every act of reasoning consists of three judgments, 
in two of which the given ideas are compared with the 
third idea, and in the last they are joined to, or separated 
from, each other. 

4. A syllogism is the expression of an act of reason- 
ing, and includes three distinct propositions. 

5. The intermediate idea made use of to discover the 
agreement or disagreement we are in search of, is caUed 
the middle term, and the two ideas with which this third 
is compared, are called extremes. 

£x. — 1 . Suppose a comparison to be made between 
industry and honour; and utiUty be the third idea : then 
the syllogism will stand. 

Whatever is useful is honourable. 
Industry is useful; 
Therefore industry is honourable. 
Ex. — 2. If the inquiry be, whether a man is bound to 
cultivate his mind : I say, 

Every creature possessed of reason is bound to 

cultivate his mind. 
Man is possessed of reason; 
Therefore man is bound to cultivate his mind. 

6. In syllogisms the proposition containing the infer- 
ence is called the conclusion; the two preceding positions 
are the premises, 

7. Of the two premises, that is called the meg or pro- 
position in which the greater extreme is compared with 
the middle term : the minor proposition is that in which 
the less extreme is compared with it. 

Ex. — In the syllogism. 
Truth is venerable. 
Christianity is truth; 
Therefore Christianity is venerable. 
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"Christianity/' ''Venerable," and ''Truth*' are the 
three terms of the syllogism . ' ' Christianity" and ' ' Ve- 
nerable" are the extremes, and "Truth" is the middle 
term. "Venerable" is the major, and "Christianity" 
the minor term. " Truth is venerable ;" " Christianity 
is truth;" are the premises: " therefore Christianity is 
venerable," is the conclusion. " Truth is venerable," is 
the major proposition; " Christianity is truth," is the 
minor proposition, 

[Syllogisms may be almost indefinitely varied, and 
each variety has obtained a distinct name; in this 
place a very few will be noticed.] 

8. Hypothetical syllogisms are those in which the 
major premise is an hypothetical proposition. 

Ex. — If there be a God he ought to be worshipped. 
But there is a God; 
Therefore he ought to be worshipped. 

9. A dilemma is a syUogism in which the consequent 
of the major is a disjunctive proposition, which is t^en 
away in the minor: or it is an argument by which 
we endeavour to prove the absurdity or falsehood of 
some assertion. 

Ex. — If God did not create the world perfect in its 
kind, it must have been from want of inclina- 
tion or power. 

But it could not have been from want of in- 
clination or want of power; 
Therefore he created the world perfect in its 
kind. 

10. Analogy is an argument from proportionable 
causes to proportionable effects ; and from similarity of 
circumstances to similarity of consequences. 

Ex. — ^AU matter with which we are acquainted gravi- 
tates; 
Therefore gravitation is an universal property 
of matter. 
Illustration. — By this mode of argument, we in- 
fer that the sun will rise to-morrow, and the next day, 
and so on. Thus the philosopher believes that the pla- 
nets are inhabited : and the man of business regards it as 
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eeftain that a dishonest suid avaneious man will take an 
undue advaxitage m trade, where the opportunity occuSy 
as diat fire will bum, or abaU wifl run down a mL, In 
other cases the argum^at cannot be much depended on, 
as when we attempt to draw conchoions concerning the 
conduct of voluntary agents; this is owing to the di£fr- 
culty which one person has to enter into the yiews, ob- 
jects^ and feelings of another, and consequently to fore- 
see, in given circumstances, how another man will act. 

QUESTIONS FOR EXAMINATION. 

1. Wliat does the aet of reaaomag detanmne t 
nimatiate the interyentioii of a thiid idea. 

2. In what case will two giren. ideas be found to agree with 
one another? 

3. Of what does erety set of reasoning consist? 

4. What is a syllogism ? 

5. What is ateant bj the middlB tSBn? 
What aro the two eiuunples ? 

6» What is meant by the conclnsion and premises? 

7. What is meant by the major and minor proposition ? 
Explain the several terms by the example. 

8. What do you mean by hypothetical syllogisms t 
Explain the principle by example. 

a. What is meant by a dileouaal 
Crivia tlM eocample. 

10. What is the nature of the argument fbem andogy ? 
Give the example. 

Show by the illustration in what cases the ugument is and 
is not very strong. 

LESSON THE SEVENTIL 

OF SOPHISMS^ DISPOSITION AND MBTHOD^ AND THE 
SOV&CESOF EBBOIU 

1. A sophism is a false syllogism not olmously appa- 
rent. Sophisms are as follow : — 

2. ^^ A mistake of the question;'' that is^ when a pro- 
position ia proved which has no necessary cotmezion with 
the 4{u^on: this is called '^i^orantio elenchi:'' as 
if unhelieveis argue that Chivtianibr is not true, be^ 
cause *^ tnuasubetantiation is inendiblk;" h^ftis a nat- 
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take of the question, by taking a cof r apli on, of Chris- 
tiamty for Christianitj itself. 

3. " Petitio principS ;" or " begging the question," 
is taking for granted what ought to be proved. 

4. '^ Arguing in a circle/' is to prove the premises 
by the conclusion, and the conclusion by the premises. 

5. Di^siiion, in logic, is the arranging ideas so as 
to facilitate the reeoUeetion, the improvement, or the 
communication of knowledge. 

6. Method is the effect of dispositioD: it is the 
actual arrangement of idea^ in the mind ; and is either 
analytic or synthetic. 

7. Method by analysis resolves a complex idea into 
its component principles. 

8. Method by synthesis begins witk dm^de and self- 
evident principles, and advances gradually to remote 
and complex propositions. 

iLLusTiLAjrioiT. — If I take a watch to pieces in order 
to understand its structure, I gain my knowledge by 
analysis; but if I acquire the same information by look- 
ing at the artist putting the parts together, I learn by 
synthesis. By analysis we learn, in experimental phi- 
losophy and chemistry, the parts of compound bodies. 
By synthesis we study the science of geometry. 

9. The sources of error are, (1.) the want of diE- 
gence in investigation. (2.) Judging of things by their 
external appearances only. (3,) Comparing things with 
our own situation in life, or as they happen to affect us. 
(4.) The associating an idea with something disagree- 
able, or the contrary. (5.) Prejudices formed in our 
in&ncy. (6.) Giving credit to the assertions of others, 
without inquiring into their motives ; and (7.) the force 
and influence of custom and feshion. — See Watts's 
Logic 

QUESTIOirS FOR EXAMINATIOK. 

1. Wbat is a sopbism ? 

2. What is meant by the sophism nsualfy tended " ignoraatio 
eie&oiiir 

3. What is meant by the "petitib pri]Mnpii<?" 
4«, Wwbdo jfon weua by aiguiiig m a circle V 
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5. What is diipotition in logic ? 

6. What is method, and how many kinds of method are there . 

7. What is meant by the analytic method 1 

8. What is meant by the synthetic method ? 
Explain the two methods by examples. 

9. What are the chief sources of error in judging and arguing 1 



LESSON THE EIGHTH. 

OF TOPICS, PROPOSITIONS, DEMONSTRATIONS, AND 
DIFFERENT KINDS OF ARGUMENT. 

1. Topics, or common-places, , are general subjects 
from whence arguments are drawn, such as history, 
philosophy, morals, &c. 

2. The proof of a proposition is a syllogism, or a 
series of syllogisms collecting that proposition from 
known truths. 

3. Where the syllogisms depend wholly on defini- 
tions, intuitive truths, and propositions auready esta- 
blished, the argument is called a mathematical demon- 
stration. 

4. Demonstrations are of two kinds, viz., those a 
priori and a posteriori. 

5. Demonstrations a priori, argue from the cause to 
the effect : thus the friture happiness of man is proved 
from the infinite goodness of God. 

Ex. — God is infinite in power, wisdom, and benevo- 
lence : 
Therefore, the universe that he made is unli- 
mited in extent, duration, and feUcity. 

6. Demonstrations a posteriori argue from the effect 
to the cause : thus the wisdom and the power of God are 
proved from the variety,unity,and excellence of his works. 

Ex. — ^The universe abounds in marks of excellent 
contrivance and design : 
Therefore, there is an intelligent and benevolent 
first cause of all. 

7. A direct argument is that which immediately 
proves the proposition in question. 

8. An indirect argument proves the conclusion, by 
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proving or disproving some proposition upon which the 
conclusion depends. 

9. " Reductio ad absurdum," proves the conclusion, 
by demonstrating the absurdity of the contradictory pro- 
position. 

10. " Argumentum a fortiori," proves the conclusion, 
by proving a less probable proposition on which the 
conclusion depends. 

11. " Argumentum ad judicium,^' is an appeal to the 
common sense of mankind. 

12. " Argumentum ad fidem," is founded upon testi- 
mony either human or divine. 

13. ^* Argumentum ad ignorantiam," is founded upon 
insufficient principles, which the opponent has not skiU 
to refute. 

14. ''Argumentum ad hominem," an appeal to a 
man's professed principles. 

15. " Argumentum ad verecundiam," is drawn from 
authority we are ashamed to dispute. 

16. '' Argumentum ad passiones,'' is an address to 
the passions of the hearers. 

QUESTIONS FOR EXAMINATION. 

1. What do you mean by topics? 

2. What is meant by the proof of a proposition '? 

3. What is arithmetical demonstration ? 

4. How many kinds of demonstrations are there ? 

5. What is meant by demonstrations a jniori ? 
Give the example. 

6. What is meant by demonstrations a postmiorit 
Give the example. 

7. What is meant by a direct argument ? 

8. What is meant by an indirect argument ? 

9. What is the nature of the argument "reductio ad ab- 
surdnm V* 

10. What is the argument "a fortiori V* 

11. What is the argument '* ad judicium ?" 

12. What is the argument " ad fidem ?" 

13. What is the argument " ad ignorantium ?" 

14. What is the argument '* ad hominem ?*' 

15. What is the argument "ad yerecundiam ?" 

16. What is the argument " ad paanones 1" 

X 



Digitized by V^jOOQ IC 



60 INTRODUCTION TO 



RHETORia 



THE VATURE AND VTILITT OT ELOQUENCE. 

«< Eloquence is the power of speaking with ftatmej and deganee.*" 

i>r. Joknnm!* JHcHoMtry, 

"Eloquence is the art of speaking or TRMnif wdl, so aft to movt and 
pmsuade." — Ckamber9'9 Cj/ciopadta* 

Generally prevalent as tbe study of Bstiural ohOoiedby 
ui aft present in this IringilnB^ and partamkriy cuikivated as 
this science has been by the motik evinent and iwiiifflrtial 
men of the age, it would be somewhat surprising if the phi- 
losophy of the fine arts were held in a just and propor- 
tionate estimation. Without incurring the suspicion of thmk- 
ing disrespectfully of other pursuits^ I may be permitted to 
say, that the study of that grand and seducing science, na- 
tural philosophy, has a tendency to exeito in its foOtrmn 
hm ideas o£ arts as useful as ttay that can be founded e^ren 
upon its noblest discoveries. It is triie, that in distinguiah* 
ing the arts £rom each other, the fine arts have been usually 
opposed to the useful But is not this impK^r? and would 
it not be better, as well as more just, to consider them as 
divided into the liberal and the mechanical? Had I thought 
eloquence to be a fine art only, in the common sense of that 
term, I should have probab^ saved myself the tronhk of 
thinking or writing about it at all. But I think otherwise : 
eloquence, so far as it is an art, is undoubtedly daeaed with 
propriety among the fine arts; since the means it uses to 
effect its purposes are not mechanical, and inasmudi aa it is 
so constantly connected with the strongest exerciaea of the 
imagination. But surely it can never be ezduded from an 
eminent place among tlie useful arts» so lone aa moti have 
prejudices to be attacked, fears to be allaycS, hopea to be 
excited, or passions to be moved; and so lono, it ma^ be 
added, as they have understandiiqga to be infermed. For 
perhaps the most ext^isive field for the dis];day ci teal aUily 
m speaking is, the rich» tbe vast, and hithtttQ in^j^crftctly 
cultivated tract of probaiih mjidemn^ 

Within the sphm q£ demoMbralkioBt indeei^ eloqunoa has 
but little to do, having only rooa encm^ t» ezhim tuv of 
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her lowest qualities, pa^cuity and order; bat demonstra- 
tion, though absolute as £» as her power extends, reigns orer 
a very narrow territory. I will not presume to go so far as 
some have done in their eulogiums upon eloquence, but I 
will say, that that art which teaches us now we are likely, in 
the most effectual manner, to make oursekes masters of 
other mens' minds by speech, must be pennitted to rank 
venr highly in the scale of useful studies. 

It has, in truth, been common with those men ci sense 
who have themselves been deficient in expressicm, to speak 
with contempt of the eloquence of others, and to lepreatsBt it 
as useless, at least, if not highly dangerous ; nay, some men 
have very dexterously used the very art itself to deciy its im- 
portance, and to vilify its tendency. " It is evident," says 
Mr. Locke, ''how men love to deceive, and be deceived; 
since rhetoric, that powerful instrument of error and deceit, 
has its estaUished profess(»s, is pubUdy taught, and Ims 
always been had in great reputation."* *' Wlwt is the end 
of eloquence," says the acute and eloquent Worburton, '* but 
to stifie reason and inflame the passions ?"t 'Hie iHrejudices 
of Mr. Locke were undoubtedly honest, but they {^uonfy aliew 
that he mistook the abuse of tiie art for the art itself; and, 
happoly for mankind. Bacon's observation is true i — '^ No 
man can well speak fair of things sordid and base, but in 
things honest it is an easy matter to be eloquent." To the 
Bishop's authority it may be objected, as Thoejrdides anrs it 
was to Qeon's, " that lieeause he used to hoid the baci side 
in the eauses he pleaded, therefore he was ever niveighing 
aeainst doquence and good s{)eeeh." It were eaffv to multi- 
pfy the examples of such misrepresentations; tb^ sophists 
and the fevers (3i old, the metaphysieiaBs and theolonims ci 
late, have united in {d)using an ait which they wanted ju€%- 
ment, as well as taste, to understand. Yet, in all the vsrioua 
instances of these inconsiderate attadcs, it ever appeared to 
me, that the objecti«ms and censures coastantfy arose from a 
misconception of the real nature of the art. 

" It is po<»r doquenee," says Sir Joikna B^sotds, ''that 
onlv shews a maa caoat talk." 

And this qpedes of eloquence, it musibe taaSeme^thoaada 
m the present day. There are bat &w p«We speaker* if^o 

E' e a&y attention to their art, excqptng thoaa imQ ddMise it 
the osnamenta of a mort idcious taste. Nail, indeec^ Ant 
tw&defeets are oAenkept apart; for wom» msa appear 
• •* Hmmf m Oiman X^derstondtiiflr," ^wk III; f]& 10*. 

e2 
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to bettow but little pains upcm the preparation of the vilest 
composition that ever offended a classical ear^ although it 
dispmys an endless variety of fiEff-fetched thoughts, forced 
metaphors, unnatural expressions, and violent perversions of 
ordinary language : in a word, it is worthless, without the 
poor merit of being elaborate ; and affords a new instance 
DOW wide a departure may be made' from nature with very 
little care, and how i^t ea^ writing is to prove hard reading. 

Among the sources of this corruption may clearly be dis- 
tinguished as the most fruitful, the habit of extempore speak- 
ing acquired rapidlj^ by persons who fr^uent popular assem- 
bhes ; and, beginning at the wrong end, attempt to speak 
before they have studied the art oi oratory, or even duly 
stored their minds with the treasures of thought and of lan- 
guage, which can only be drawn from assiduous intercourse 
with the ancient and modem classics. The truth is, that a 
certain proficiency in public speaking may be attained with 
nearly infallible certainty, by any person who chooses to give 
himself the trouble of frequently tiding it, and can haraen 
himself against the pain of frequent failures. Complete self- 
possession and perfect fluency are thus acqtiired, almost me- 
chanically, and with Uttle or no reference to the talents of 
him who becomes possessed of them. K he is a man of no 
capacity, his speeches will, of course, be very bad; but, thoueh 
he be a man of genius, they will not be eloquent. A sensible 
remark, or a fine image, may frequently occur; but the loose, 
and slovenly, and poor diction, the want of art in combining 
and disposing his ideas, the inability to bring out many of 
Ins thoughts, and the utter incompetency to present any of 
them in the best and most efficient form, will deprive such a 
speaker of all claims to the character of an orator, and reduce 
hmi to the level of an ordinary talker. The same man, had 
he never spoken in public, would have possessed the same 
powers of convincing or expounding, provided he were only 
^^alled upon to exert them in conversation with one or two 
persons. Perhaps the habit of speakins may have taught 
wm something of arrangement, and a few of the simplest 
methods of producing an impression; but beyond these first 
:steps he cannot possibly proceed by this empirical process ; 
jjifia his diction is sure to be much worse than if he had never 
made the attempt : clumsy, redundant, incorrect, unlimited 
an quantity, but of no vame. . Such a speaker is never in 
want of a word, and hardly ever has one that is worth having. 

It is a very common error to cf^l this natural eloquence ; 
it is the reverse: it it neither natural nor eloquent. A per- 
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son under the influence of strong passions or feelings^ and 
pouring forth all that fills his mind, produces a powerful 
effect on his hearers, and frequently attains, without any art, 
the highest beauties of rhetoric. The lan^age of the pas- 
sions flows easily; but it is concise and simple, and the op- 
posite of that wordiness which I have been describing. The 
untaught speaker, who is also unpractised, and utters accord- 
ing to the dictates of his feeUngs, now and then succeeds per- 
fectly ; but in those instances, he would not be the less suc- 
cessful for having studied the art ; while that study would 
enable him to succeed equally in all that he deUvers, and give 
him the same controul over the feelings of others, whatever 
might be the state of his own. 

Now I cannot ima^e any better corrective to the faults 
of which I am complaming in the eloquence of modem times, 
than the habitual contemplation of those exquisite models 
which the ancients have left us — ^the chaste beauties of 
classic Greek and Latin composition. Their perfect success, 
both in moving the audience to whom they were addressed 
and the readers in all ages who studied them, cannot be de- 
nied : their superiority to all that has been produced in other 
countries is confessed. There may be — there must be — 
therefore, some use in observing how certainly they were the 
result of intense labour ; labour previously bestowed to ac- 
quire the power, and the utmost care used in almost every 
exercise of that power. Without somewhat both of this dis- 
cipline and this sedulous attention, it would be as vain to 
tmnk of emulating those divine originals; by dint of a habit 
of fluent speech attained through much careless practice, as 
to attempt painting like Raphael, without having learned to 
to draw, and by the help of some mechanical contrivance. 

It cannot but have been matter of surprise to such as are 
conversant with the works of the most celebrated rhetoricians, 
that they should differ so generally and so widely respecting 
the nature of the art which they profess to teach. In the 
fifteenth chapter of his second book, Quintilian states and 
refutes a great variety of different definitions, which, even in 
his time, had been given of rhetoric ; and he censures among 
others, those that rested on the authority of names no less 
eminent than Isocrates, Plato, Aristotle, and Cicero. He 
then proceeds to express and support his own opinion; but 
less stdlfully, and less successfully, than he had attacked the 
sentiments of his predecessors. The same irreconcileable 
variety of opinion prevails among later writers on this sub- 
ject; which, to say the truth, has been considered by so 
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manj able authors, and by some of audi exalted repotatioB^ 
that the mention which I make of this differenee among t hti 
may serve as my apology for presuming to go over tite 
ground which such men Imve trodden. Since all cannot be 
•right where all disagree^ the authority of one serves to 
counterbalance that of another; and taus a man may be 
allowed to difiSer from any of them, witiioat dreading the im- 
putation of vanity. 

Perhaps the most sensible, most substantial, and most use- 
ful idea of eloquenee, is that expressed by Dr. Campbell, in 
Ihe ibst sentence of his ''Philosonphy of Bhetoric :"~'' Elo- 
quence is that art, or talent, by which a diseonrse is adapted 
to its end." " Whatever composition,'' said the celebrated 
Mr. Wilkes, in one of his speedies, '^ produces die effect 
wfaic^ is intended, in the most forcMe manner, is, in my opi- 
nion, the best, and most to be i^yporoved. That mode should 
always be pursued : it has the most merit, as well as the most 
success, (m the great theatre of the world, no less than on the 
sti^, whether you mean to inspire pity, terror, or any other 
passion.'' It may perhaps be objected, that the wcnrd elo- 
quence has generally been used in a more limited sense ; and, 
to say the tn:^, it has by many been a^^died to denote omm- 
mental composition only. But has not this arisen from a 
mistake, by which a part of the art has been mistaken for the 
^ole? This has been the case with poetry; and it is 
amusing to observe the difficulties into which the error has 
brought many learned men, in thdr attempts to settle the 
nature and essential qualities of this noble art. Some have 
thought its nature to consist in imagery, some in imitation, 
some in fiction, some in metre, and others in passion; 
whereas these are only so many different means employed 

Sf the poet to effect bis purposes, and are all mere parts of. 
at of which it has been supposed they constitute the essence. 
However, let the common meaning of the term be what it 
may, we are not now considering the acceptation of a word, 
but tiie real nature of a serious art. The existence of such 
an art can har^ be doubted, fryr that woidd be to question 
whether men mesk by accident or design, when they take no 
though, or wnen the^ previously ccmsider what they are 
about to do. Nature, it must be confessed, does much, and 
will not only lead, but compel us, on interesting occasions, to 
use those rorms of speech (even the most complex) wludi 
rhetoricians have arranged and named. Perhaps no language 
M more natimil than that which abounds w^ fisure and 
allusion. Yet still ability alone is not snffici^iit ; and a living 
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mm, of high rank in politics^ m^t be pointed out, who, 
tlioi]^h gifted hr beyond any of nis contemporaries, and 
grea^ snperior to them in acquirements, has yet been often 
% useless, and sometimes a dangerous, auxiliary, because he 
wanted the skill to manage his prodigious {)owers. He is ever 
saying somet^ng, only ror the sake of saying it, merely be^ 
cause it is singular, beautiful, or subUme, and without any 
regard to its effect on his auditors. A real thought he can 
never dismiss, till he has made it the subject of innumerable 
comparisons, or darkened it by superabundant illustration.* 
If it be possible lor such a waste of talents to be occasioned 
by a deficiency in liie art we are speaking of, it maj not be 
«mis8 to consider whether the definition given of it by Dr. 
Campbell be the true one, and at the same time to examine 
tiie opinions of the other celebrated vmters to whose defini^ 
^ons I have alluded, as they are maintained and defended by 
two authors of great reputation, and of peculiar abilities for 
the discussion m such a subject. Dr. Browne, and Dr. Leland, 
both of whom have stated their sentiments at length ; the 
fcmner in his '^ Essay on Kidicule,'^ and the latter in his 
'^ Dissdtaition on the Principles of Human Elocjuence.'* 

Dr. Browne speaks thus: — "As eloquence is of a vague, 
unsteady nature, merely relative to the imagination and the 
pasnont of mankind, so there must be several orders and 
degrees of it, subordinate to each other in dignity, yet eadi 
perfect in its kind. The common end of each is persuasion : 
tiie means are difierent, according to the various capacities, 
&ncies, and affections of those whom the artist attempts to 
persuade. The pathetic orator, who throws a congregation 
ci enthusiasts into tears and groans, would raise afiections of 
a very different nature shotud he attempt to proselyte an 
English Parhament. As, on the other hand, the finest 
speaker tiiat ever commanded the house would in vain point 
tne thunder ctf his doquence on a Quaker meeting. — ^ Essay 
on Ridicule," sect. 3, p. 32. 

Of this passage. Dr. Leland says, "This is plausibly and 
ingeniously urged ; but the whole argument is founded on 
the supposition that eloouence and persuasion are one and 
the same, and that to be denominated an orator, no more is 
necessary than to influence and move the hearer : a supposi- 
tion whidi cannot be admitted, however witty men may nave 

* The reader will have no difficulty in recognizing the individual here 
alluded to, although he may find obstacles beyond the strength of his 
candour to overcome, in pardoning the freedom of animadversion upon 
SO resplendent a mind and a geuiua aa that of Lord Bbouoham ! ! 
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talked of the ' eloquence of sHence,' or the * doquence of 
nonsense.' The alluring accents of an harlot move the sen- 
sualist ; the abject and extravagant praises of a flatterer 
move the vain ; and the plain promise of a large reward^ ex- 
pressed without trope or figure, may have the greatest power 
over the conduct of a traitor or an assassin. Sut it will by 
no means follow that the harlot, the flatterer, or the suborner 
is eloquent. To merit this praise, a man must persuade (if 
he does persuade) by the real excellencies, the engaging and 
conciliating qualities, of speech. So that the Doctors orator 
who throws a congregation of enthusiasts into tears and 
ffroans, is, in reality, no orator at all ; because he owes his 
mfluence not to deamess and strength of reasoning — ^not to 
dignity of sentiment, force or eloquence of expression, and 
the like — ^but to senseless exclamation, unmeaning rhapsody ; 
or to grimace, to a sigh, to a rueful countenance ; and if ne 
would in vain endeavour to proselyte an English Parliament, 
it is for this reason that he is no orator : nor can an^ man, 
without any one of the opposita, the rational excellencies and 
engaging qualities of speech, be said to possess a degree 
of eloquence perfect in its kind." — ^Leland's " Dissertation," 
ch. 14. 

What Leland says of Browne's may as justly be said of 
his own ar^ment, that it is plausibly and ingeniously urged; 
but probably the opinion of neither is true. Although it may 
be acknowledged that '* eloquence is relative to the imagina- 
tion and passions of men," yet it does not therefore follow 
that it is " of a vague, unst^y nature." It might as justly 
be said that the art of music is of a vague, unsteady nature, 
because it produces compositions so infinitely various; or 
that the art of the painter is liable to the same reflection, 
because it is sometimes exercised on copper, and sometimes 
on canvass. The arts themselves are fixed, steady, and im- 
mutable ; it is only the objects on which they operate that 
are various and perishable. Neither is it true that the onlif 
end of all eloquence is persuasion. An orator often un- 
doubtedly aims to persuade, but he generally has some other 
end in view. He frequently wishes to alarm, to arouse, to de- 
press, to excite our pity, or to fire our indignation, and some- 
times is onl^ desirous to delight the imagination. Now these 
different objects can never be reduced under the general head 
of persuasion, without departing most unwarrantably from 
the common acceptation of that term. The ingenious in- 
stances adduced in the last sentence of the quotation from 
Browne, are certainly not sufficient to prove either of hia 
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positions: namely, that eloquence is of a ''vague, unsteady 
nature,^' or that the " common end of all eloquent discourse 
is persuasion." The answer just given to the principles them- 
selves, wiU also destroy the application of these instances. 
And, in truth, the facts which ne takes notice of may be ac- 
counted for in a much more reasonable and unobjectionable 
manner. 

That the fanatic preacher, or the equally wild and iUiterate 
political orator of public meetings, busting, and tavern as- 
sembhes, would produce no other effect m parliament but 
that of making himself ridiculous, is unquestionable ',* and. 
why? Because, in attempting to affect the house by the use 
of the same means as those that are successfiQ in his own 
pulpit, or upon his own rostrum, he would cease to be elo- 
quent. He would be violating one of the fundamental rules 
of rhetoric, which teaches us that the speaker ought to have 
a constant regard to the quality of his audience. His ill suc- 
cess would therefore be owing to his want of art. He would 
fail because he was ineloquent. The eloquence which he had 
displayed on his own ground would still be unimpeachable. 

The same reasoning is just as appUcable to the parlia- 
mentary speaker, who should pomt the thunder of his elo- 
quence on a Quaker meeting. The thundering sort of elo- 
quence would be here misappUed ; and how many soever he 
might use of those conciUating qualities of speech which 
Leland speaks of, he would still oe unsuccessful, because his 
speech would not be ad homines. Dr. Leland's remarks are 
truly sensible, and would not be liable to objection, if altered 
but a Uttle. The addition to be recommended is a short ex- 
planation of what he means by those rational and real excel- 
lencies, those conciliating quahties of speech, which he repeats 
as the basis of his reasoning. Had he been called upon for 
such an explanation, he would, I am persuaded, have ex- 
pressed himself so as to deviate materially from the truth of 
the case. He would probably have said, that nature had at 
first suggested certain forms of speech, which rhetoricians 
had arranged and settled; and that these he meant to describe 
by the terms rational and real excellencies, engaging and 
eonciUating qualities. This^ others have said ; and to such 
let it be answered, that perhaps the most common faults of 
all bad writing arise from the supposition of something in- 
trinsically excellent and eloquent m certain forms of speech, 
even when considered without any view to the effects which 

• The proceedings of the House of Commons will supply facts to elu- 
cidate this reasoning, should the reader ask for them. 
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Aey ue fitted to prodnoe. MoM writers, k must be oon- 
leswd, employ tropes tad figures, because they are tit^m 
aad figoMB, tnd not because they are calculated to produce 
certain effects on tiie mmds of their readers cr hearers. The 
teim concUiating is itself rdatire, and supposes somebody to 
be conciliated; and these conciliating qualities of speech must 
vary as much as the tempers and understandings of those 
wlio are to be conciliated. 

Instead, therefore, of oondading, witii Br. Browne, that 
eloquence is of a vague, musteady nature, or with LeUoid, 
tiiat ^e enthuoast would 6dl because he is no wator, let 
these in£a«nces be drawn — that eloquence is fixed on stea^ 
and unchangeable primaples ; that it is exceedingly extensiye 
in its use, and relates to every kind of discourse or speedi 
that can be imi^ined; that he who follows its precepts in 
one instance, is in tlmt instance truly eloqu^it, however he 
may foil of success when attempting another khaid of speak- 
ing, whether it be of a higher or lower degree ; and, in short, 
let I^. Campbell's definition be thought we true one, when 
he says that '' eloquence is the art by which a discourse is 
adwpted to its end." Tim definition solves all difficulties, 
eiplains and, as it were, embodies all rules, and is the grand 
axiom by whidi the propriety of every subordinate rhetorical 
precept must be finally tried. If such conclusions can be 
satismctorily drawn from tiie foregoing thoughts, the ex- 
amination of the subject has not been useless : for it is 
|dainly of material consequence to be right in the first princi- 
ples of a practical question, since real conduct in life and 
business cannot but be greatly affected by their truth at 
f^sehood. He vdio thinks eloquence to be the art of deceiv- 
ing, with Mr. Locke, will, if he be a good man, never study 
to%e eloqu^it. He iidio thinks it is speaking omamentalfy, 
will be speaking ornamentally when speaking plainly would 
be more efficacious. He will, most probably, be lavish of his 
tropes tsad figures when these ambitious decorations should 
be shunned, or employed with the most sparing caution. He 
who trunks it consists in moving the passions, will often be 
weeping, unaccompanied by t^e tears of his audience : and he 
who thmks it is the art of persuading, will not unfrequently 
be urgent when he ouffht to be instructive, mr using vehe- 
ment entreaties instead of pow^^ proofo. He, and he 
only, will not be cramped in the exercise of Ins art by the 
narrowness of his prmdples, who thii^ it is the art qf 
speaking and writing in such a manner as is most likely to 
obtain the end which he proposes to himself in speaking or 
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writing, Doet he'a^Ubress the multitude? He will aim at 
being perspicuous, intell^ble, and impassioned. Does be 
speak before m&i of learning, «ad suck «s are eloqpient tiiem- 
selves ? He will endeavour to be rational and concise. Does 
he desire to convince? He will reason. Does he wish to 
give delight? He will be copious, flowing, rich in imagery; 
and elegant in expression : nothing will be harsh, nouiii^ 
careless, nothing unpolished or repmsive. Does he mean to 
agitate or persuade ? He will be warm, ammated, and glow- 
ing. He win arm himaelf with the thunders and li^itaings 
ci eloquence ; or will speak in the mildest tone of msiniu^ 
tion, with '* 'hated breath and whispering humbleness." In 
short, lie will at all times accommodate himself to his situa- 
tion, and will never be seduced from fidelity to his object. 

Yet this is not all his praise, for it is not only on pubUc and 
solemn occasions that he will find c^iportunities to use his ma- 
nifest skill ; his eloqu^ioe is not only fitted for the bar, the 
puk>it, or the pnbMc asaembUes of the state, but for the num- 
berless interesting occnrrenoes of private life; and may even 
descend to the narration of events, the composition of a letter, 
or the dexterous management of common conversation. To 
men who, like myself have hved in the world, and seen, aye 
and FELT, real affairs, the utiUty of such a varied, accommo- 
dating, and ready skill, cannot be too obviously apparent. It 
is thus spoken of by L<»rd Bacon, and it is set down by him 
among the desiderata ; and with his words I will conclude : — 

'' Surely it will not be amiss to recommend this whereof 
we now speak to a new enquiry, to call it by the name, Thx 
Wisdom op Private Speech; and to refer it to deficients; 
a thing certainly which the more seriously a man shall think 
of, the more highly he shall value.'' 



LESSON THE FIRST. 

THE NATURE AKD PARTS OF RHETORIC. 

1. Rhetoric is the art of speaking or writing with 
persuasion, or that which enables us to apply language 
or speech to the best advantage, and to attain the ob- 
ject for which it is written or delivered. 

2. In composition or discourse we are, according to 
Cicero, " to consider what is to be said ; how and in 
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what words it is to be said ; and, lastly, how it may be 
ornamented." 

3. In every regular discourse will be found an ex- 
ordium, or introduction ; the statement of the subject ; 
the narrative or explanation ; the reasoning, or argu- 
ment; the pathetic part; and the peroration, or con- 
clusion. 

4. The object of the exordium is to remove the pre- 
judices, and conciliate the good will of the hearers ; to 
awaken their attention, and to render them open to 
persuasion. 

5. In stating the subject, clearness and precision 
should be aimed at ; that speaker or writer is best 
attended to, who briefly and plainly gives the most ac- 
curate account of the points in question. 

6. The narrative of facts should place in the most 
striking hght every circumstance which is to the advan- 
tage of the speaker, and soften such as appear to make 
against him. A perfect narration is one to which no- 
thing can be added, and from which nothing can be 
taken away without injuring the cause. 

7. In the argumentative part the speaker should pos- 
sess logic as a philosopher, and employ it as an orator. 
He should dispose his arguments in a natural and lucid 
manner, and express them in such a style and manner 
as to give them full force. 

8. The pathetic part must not be continued too long, 
and should be considered as introductory to the perora- 
tion. 

9. The peroration, or conclusion, must be determined 
by the nature of the discourse, and the. circumstances 
in which it is delivered : sometimes recourse must be 
had to a repetition of the argument; sometimes it 
should assume the tone of paAos ; and at others it 
should rise into dignity and confidence. 

10. Besides the parts just mentioned there is fre- 
quently room for digression, transition, and amplifi- 
cation, 

11. Digression, in dry discussions, is useful to relieve 
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the mind. But it must not be too long, nor introduced 
too frequently. 

12. Transitions are forms in speech, used to remind 
the hearer, in few words, what has already been said, or 
what is intended to be said. 

13. By amplification the orator expatiates on a sub- 
ject in such a manner as to represent it in its full force, 
to convince the understanding and influence the pas- 
sions. He ascends from things particular to things 
general, or descends from things general to things par- 
ticular ; and he amplifies facts from the circumstances 
of time and place. 

QUESTIONS POR EXAMINATION. 

1. What is meant bj rhetoric ? 

2. What is Cicero's rule with regard to composition ? 

3. What are the parts of a regular discourse 1 

4. What is the object of the exordium ? 

5. Izi what way should the subject be stated, and who will 
gain the most attention ? 

6. How should the narration be conducted, and what is es- 
teemed a perfect narration ? 

7. What is required in the argumentatiTe part? 

8. How should the pathetic be managed ? 

9. Is there any rule for the peroration ? 

10. Are any other things necessary in a reg^ular discourse ? 

11. For what is digression useful? 

12. What is meant by transitions? 

13. What is the object of amplification ? 



LESSON THE SECOND. 

OF WHAT RHETORIC CONSISTS. 

1 .. The ancient rhetoricians distinguished their ora- 
torical compositions into three species ; the demon- 
strative, the dehberative, and the judicial. 

2. The demonstrative is chiefly conversant in bestow- 
ing praise or blame, and comprehends the funeral eulogy 
BO celebrated among the ancieiits. 
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3. Deliberative eloquaice oompreheads all Matters 
connected with legislation and govemmeiity and can be 
only cultivated in a free state. 

4. Judicial eloquence comprehends the whole extent 
of judicial proceedings, both civil and enmintl; thatu^ 
the attack and defence of persons and property. 

5. In writing, the style should possess the IbllowiBg 
qualities: purity; perspicuity; energy; harmcmy; d^- 
nity; and beauty. 

6. Purity of style consists in the dioice of sndi 
words and phraseology as are agreeable to the most 
general and approved usage of the language in which w 
write. 

7. To attain per^cttity, care most be taken to dis- 
pose both the words and parts of a sentence in such a 
manner as best agrees with their mutual connexion and 
dependence on each other. 

8. Energy, or vigour of style, depends chiefly on 
brevity, and a judicious use of tropes and figures. 

9. Harmony requires sonorousness, uniformity, and 
variety of cadence; to attain these there must be ^ 
intermixture of long and short words^ and long and 
short sentences. 

10. Dignity, or snUimity, comsts chi^y m the se- 
lection of the grandest objects, and most striking- dr- 
cumstances, figurative language, brevity^ and the use of 
general terms. 

11. Beauty of style consists of an union of purity 
and perspicuity, a moderate use of tropes, and in har- 
mony. 

QVEsnoirs Foit xxAMimmoir. 

1. How did Ifie sBCMiits distmgaish tlenr compoaitions? 

2. In what is demomtfstiTe ek>%iieiic« chiefly conyenantt 
5. VTiat does 1^ deliberatiTe eloquence comprehend ? 

4* Wh«C does ja^cal eloquence CMnpielwd 7 
5. What are tW pveperlies ef • good tUfHl 

W How is ptvspiBWlf attttM^l 

8. On what does energy of iigoaz ol iCjeIa dcpmit 
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9. Oa what does hanaoaj depend, and bow k it attebedt 

10. Iq what does dignity or suhlimity of style consist? 

11. In what does beauty of style consist? 

ON STYLE. 

Style is the peculiar maimer in wbieb a man eiroresses his 
conceptions through the medium of language. It £fllers from 
m^re knsuage or w<»ds. Thougb the words whic^ am anthcu* 
employs be unexceptionable, yet his style may be dmrgeaUe 
with great &ults : it may be dry, stiff, leefale> alfeeted. The 
style of an author is always intimately connected with bia 
manner of thinking ; it is a picture of the ideas which arise, 
in his mind, and of the manner in which they do arise. 
Hence the difficulty of drawing an exact line of separation 
between the style and the sentiment. 

All that can be required oi language is to con^^y oar ideas 
clearly to the mincb of others, and at the same time to ^othe 
tbem in an advantage<»i8 dress. The two general heads of 
]^«^cuity and ornament ther^(»re coii^prehend all the qnft* 
lities of a good sl^le. Perspicuity demands our chief case ; 
for without this quality, the rieliest ornaments of language 
only glimmer through the dark ; and puzzle iostead of pleas- 
ing the reader. An author's meaning ought ahtays to be 
obnous, even to the most careless and mattenlive reader ; so 
that it may strike his mind, as the liffht of the san sfccikea o«r 
eyes, though they are not directed towarda it» We must 
study not only that every reader may understand us, but that 
it shall be impossible for him not to understand us. J£ we 
are obUged to follow a writer with much care, to pause, and 
tftiead OY^ his sentences a second time, inovd^rtecomfve- 
head th^oi folly, he will nerer please us long. Illanted aie 
too iodolent to relish so much labour. They mcKjr pcetend to 
admire the author's depth afiter they have discoTcred his 
nieaning ; Imt Ihey will seldom be inclined to bestow upon 
his work a second perusal. 



LESSON THE THIRD. 

OF TBOPI9. 



1. Afr()p«<fiffcts^^fifon^a.;%f«r#iBthw,di^tI»tw^ 
xdbrs to a change m the uaval nieaiung oi the wcseds ; 
but figures affect the constructioa of wkik seKtttOfittU 
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2. Tropes are used to express the various ideas that 
occur from different associations, and analogies which 
spring up in the mind on viewing things in different 
lights. 

3. The principal tropes, and those that most frequently 
occur, are, metaphor; allegory; metonomy; irony; 
synecdoche; hyperbole; climax; antithesis; prosopo- 
peia ; and apostrophe. Trapes may be called that sort 
of language prompted by the imaginations and the pas- 
sions : and they may be divided into figures of thought 
and figures of language. 

4. A metaphor is a comparison, without any words 
implying comparison. To say a man is " like a Uon," 
is a simile; but to say ''he is a lion,'' is a metaphor; 
hence Christ is called " a vine," " a door," &c. 

5. An allegory is a continued chain of metaphors in 
the same sentence or discourse, when one thing is said, 
and another meant : thus the Jews are represented in 
the scriptures under the allegory of a vine, planted, wa- 
tered, and cultivated by the hand of Grod, which instead 
of producing good fruit, brings forth sour grapes : — ^and 
the English poet. 



' Ha 1 tboa hut roused 



The lion in his den, he stalks abroad, 
And the wide forest trembles at his roar. 
I find the danger now," 

6. A metonomy changes the names of things that are 
naturally, though not essentially, united, as the cause for 
the effect: thus Mars is put for War; and Bacchus for 
Wine. 

7. Irony is a trope in which one thing is said, and the 
contrary intended ; as to say of a notorious rogue, " he 
is a very very honest man." The manner of the speaker 
gives force to this trope. 

8. Synecdoche is a trope in which a part is taken for 
the whole; as " the ropf, for the house," "sail, for the 
ship." We say ten sail of the line, meanmg ten ships. 
Another kind of synecdoche is when " the matter of 
which the thing is made, is used for the thing itself;" as, 
" steel for a sword," &c. 
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9. Hyperbole is a trope which exceeds the bounds of 
strict truth, and represents things as either greater or less 
than they really are ; it is the boldest of all tropes : thus 
Virgil, speaking of Fame, says, 

*' Her head reacfa'd he&y*n, as on earth she stood.*' 

10. Climax is when every principal expression in a 
period adds strength to that preceding it : thus it is said 
of the joys of heaven, " that eye haUi not seen, nor ear 
heard, neither hath it entered into the heart of man to 
conceive." We hear of more things than we see, but 
the imagination can conceive of much more than falls 
under the cognizance of the senses. 

1 1 . Antithesis is a contrast drawn between two things, 
which thereby serves as shades to set off the opposite 
quaUties of each other : a fine instance is given in Cicero's 
oration against Cataline : '^ On the one side stands mo- 
desty, on the other impudence : on the one side fideUty, 
on tiie other deceit: here piety, there sacril^: here 
continency, there lust," &c. 

12. Prosopopeia, or personification, either introduces 
an absent person as speaking, or one who is dead, as if 
he were alive and present, or speech is attributed to an 
inanimate being : thus Anthony vents his passion over 
the body of his slaughtered friend — 

" O jHurdon me, thou bleeding piece of earth. 
That I am meek and gentle with these butcheis ; 
Thou art the ruins of the noblest man 
That ever lived in the tide of times." 

13. In an apostrophe^ the speaker breaks off from 
the series of his discourse, and addresses himself to some 
particular person, present or absent, Uving or dead, or 
even to inanimate objects : thus Dryden — 

** Farewell I too little and too lately known. 
Whom I began to think and call my own." 

QUESTIONS FOR EXAMINATION. 

1. In what does a trope differ from a figure ? 

2. For what are tropes used 1 

3. Which axe the principal tropes? 

4. Explain what is meant by metaphor? 

5. What is an allegory ? 

P 
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6. What does a metoaomj maaa? 

7. What i« meant by irony ? 

8. Explain the meaning of a ajneodoche. 

9. What is meant by an hyperbole ? 

10. What is a climax ? 

11. Tell me what is meant by an sntidMiis, and give the ex 
ample. 

12. What is the object of a prosopopeta 1 

13. In what does an apostrophe consist? 



GEOGRAPHY. 

UTILITY OF THE STUDY. OF THE DIVISIONS OF THE 

SCIENCE, AND THE FIGURE AND MAGNITUDE OP THE 
EARTH. 

'* Methmks it would please any man to look upon a geographical map J** 
Burton*4 Jnatomy of Melanckoly, 

Amongst the various branches of science studied in our 
academies, and places of public education, there are few of 
greater importance than that of geography, and the use of 
the globes. The earth is our destined habitation, and the 
heavenly bodies measure our days and years bv their various 
revolutions. Without some acquaintance with the different 
tracts of land, the oceans, seas, &c, on the surfieiee of the ter- 
restrial globe, no intercourse could be carried on with the in- 
habitants of distant regions, and consequently their manners, 
customs, &c. would be totally unknown to us. The different 
tracts of land, &c. are described on the surface of a terrestrial 
globe, but not so minutely as they are on different maps ; yet 
the globe shows the figure of the earth, and the relative 
situations of the principal places on its surfiBce> more cor- 
rectly than a map. 

Geography is the science that teaches and explains the na- 
ture and the properties of the earth, as to its figure, {dace, 
magnitude, motions, celestial appearances, &c wilJn the va- 
rious lines, real or imaginary, on its sur&ce. The term is 
derived from two Greek words, which signify the earth, and 
to describe. It is distinguished from Cotmographf, as a part 
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from the whole; this latter considermg the whole visible 
world, both heaven and earth : and> from Topography, it is 
distinguished as the whole from a part. Gsnbbal or 
Universal Gbogbaphy, is that which considers the earth 
in general, without any regard to particular countries ; or the 
affections common to the whole globe, as its figure, magni- 
tude, motion, land, sel^ &c. special or Particular 
Geography, is that which contemplates the constitution of 
the several particular regions, or countries, their bounds, 
figure, dimate, seasons, weaAher, inhabitants, arts, customs, 
loQguage, reli^on, &c. This science is considered in a still 
more extensive and comprehensive view by modem mathe- 
maticians, who divide it into ^s^ronomtco^ and Physical GeO' 
graphy. Astronomical Geography comprehends the descrip- 
tion of the magnitude and figure of the earth ; the measure- 
ment of the degree of the meridian in different latitudes, &c. 
Physical Geography, comprehends the division of the earth, 
according to me properties of the various substances which 
compose it, into sdid and fluid, air, water, seas, mountains, 
rivers, &c. &c. 

The earth is one of the great bodies which compose the 
{^etary system. It moves round the sun in an orbit nearly 
circular, and completes its revolution in the course of a year, 
while at the same time it revolves continually upon its own 
axis, which is inclined to the plane of its orbit at an angle of 
^Q\ degrees: the time of a revolution being 23 hours and 56 
minutes. The revolution of the earth round the sim is called 
its annual motion, and the rotation it performs on its own 
axis is called its diumal motion. 

That the earth is nearly of a spherical figure mav be proved 
by many arguments : and since this conclusion has been drawn 
from phenomena, which were not greatly comphcated in their 
nature, and which were intimately connected with the com- 
mon affairs of life, it is reasont^le to conclude that the atten- 
tion, which was necessary to determine the returns of the 
proper seasons for performing the labours of husbandry, and 
for the regulation of civil afimrs, would lead men at an early 
period of society to form pretty just notions of the figure of the 
earth. When the earth was once known to be spheriod, the cu- 
riosi^ of man would naturally lead him to endeavour to measure 
its dimensions; and we accordingly learn from history, that 
such attempts were made. But the first accurate measure that 
was made of the earth, of which we have any certain know- 
ledge, was that executed by M. Picard, in France, towards 
the end of the last century, and which has been verified se- 
F 2 



Digitized by V^jOOQ IC 



68^ INTBODUCnON TO 

veral timet tince that period. It is not difficult to understand 
in what way the earth may he measured ; the direction of 
^vity is always perpendicular to the earth's surface ; hence 
It follows that the zenith of any place, or point of the heavens 
directly over our head, and also the horizon, which is a plane 
touching the earth's surface at that place, will he continually 
changing, according as we change our position on the earth's 
surface. Hence it follows, that as we travel from S. to N., 
the pole of the heavens, or that point in the heavens in which 
the earth's axis when produced meets the sphere of the fixed 
stars, will he more and more elevated above the horizon; the 
meridian altitude also of the stars in the northern regions of 
the heavens will appear to increase ; while that of the stars in 
the southern quarter will be diminished. By the elevation or 
depression of the stars, we shall know the angle fcnrmed at 
the point of concourse of perpendiculars drawn to the earth's 
surface at each extremity of the terrestrial arc; for this angle 
is equal to the difference of the meridian altitude of the same 
star as seen from the extremities of the arc, diminished by 
the angle which the arc itself subtends as seen from the star; 
which last angle is altc^ther insensible. The number of 
degrees in the arc being tound, it is only necessary to deter* 
rnrae its length in some known measure, as a fathom, &c. ; 
but as it would be a work of great labour to apply a measure 
to an arc of great extent, it will be sufficient if its extremi- 
ties be connected by a series of triangles to those of a base 
line of 3,000 or 4,000 feet in lensth ; and considering the 
accuracy with which the angles of wese triangles can be ob» 
served, the length of the arc may be found with ^;reat pre- 
cision. It was in this way that degrees of the meridian have 
been repeatedly measured. In France, for example, within 
these few years, an arc has been measured, extendmg from 
Dunkirk to Barcelona; and the degree whose middle is si- 
tuated in lat. 45^ has by this means been found to be 57,029 
toises.* 

Although the spherical figure be the most simple, and it it 
natural for man to suppose objects to be of that form which 
he most readily conceives, yet the simplicity of nature is not 
always measured by that of our conceptions. Infinitely va- 
ried in her effects, nature is only simple in her causes ; and 
her economy consists in producing a great number of phe- 
nomena, often the most complicated, by means of a few 
(^eral laws. The figure of the earth is the result of those 

* The toise is a measure equal to six French feet, and 107 French 
feet are equal to 114 Boglish. 
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lawg, which, modified by a mat variety of circuiiistaiioes, 
may cause it to deviate sensibty from a spherical fisure: and 
certain small variations in the length of degrees of the me- 
ridian, in France, sufficiently indicated that such a deviation 
did exist; but the errors, which were unavoidable in such 
observations, left this important phenomenon in a state of 
uncertainty. 

The Roysd Academy of Sciences in Paris, in which this 
Question had been warmly agitated, concluded with reason, 
that the difference of magnitude in the decrees of the me- 
ridian, if real, would be sensibly perceived by the compa- 
rison of degrees measured at the equator and toward the 
poles. Accordingly, about the year 1/35, a company of aca- 
demicians, composed of the most able mathematicians of 
France, were sent to the equator, where, having measured a 
de^ee of the meridian, they found it to contain 56,753 toises, 
whicli was shorter by 274 toises than a degree in hit. 45^ N. 
Other academicians were sent to the north, and having mea- 
sured a degree of the meridian in Lapland, about the latitude 
of 66<^ 2(X uey found it to be 57,458 toises, which was greater 
than the degree at the equator bv 685 toises. And by their 
measurements, the calculations of our own illustrious astro- 
nomer, Sir Isaac Newton, were confirmed, and it was com- 
pletely proved that the earth was not exactly spherical. And 
m the year 1756, the same Royal Academy of Paris, appointed 
eight astronomers to measure the length of a degree between 
Paris and Amiens, and the result was 57,069, for the length 
of a deg^ : and other measurements of degrees made since 
that period, have all tended to shew that the degrees of the 
meridian gradually increase from the equator to the poles. 

Notwithstandmg all the admeasurements that have hitherto 
been made, it has never been demonstrated, in a satisfac- 
tory manner, that the earth is strictly a spheriod ; indeed, 
from observations made in different parts of the earth, it 
appears that its figure is by no means that of a regular sphe- 
ruMi, nor that of any other known mathematical figure, and 
the only certain conclusion that can be drawn from uie works 
of the several gentlemen employed to measure the earth, is 
that the earth is something more flat at the poles than at the 
epiotor. The course of a ship, considering the earth a sphe- 
nod, is so near to what it would be on a sphere, that the 
mariner may safely trust to the rules of globular sailing 
even though his course and distance were much more certam 
than it is possible for them to be. For which and similar 
reasons^ mathematicians content themselves with considering 
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tiie eardi «s a sphere in all practical semoety and hence the 

artificial olohes are made perfectlj spherieal, as the hest re^ 

presentation of the figure dT the earth. 
The fbUowing table of tiie dinnMonaof Ae earth is giten 

hj Dr. Button :— 

The Diameter 9,579) miles 

The Circumference . . 25>000 miles 

A Degree contains . . 69i Englirii miles 

. TheSuperftces 198,944,206 square miles 

TheSoUdity 263,930,000,000 eobicmiks. 



LESSON THE FIRST. 

nrTRODUCTION AND DEPraiTIONS. 

!• Greography is a descriptioa of the earth as con- 
sisting of md and water. 

2. The earth is a large globe, nearly 8,000 miles in 
diameter, continually revolving about the sun, at the 
distance of ninety-six millions of miles from that body, 
and turning on its own axis in twenty-four hours. 

3k More than two-thirds of the sur&ce of the earth 
is supposed to be covered with water: the remainder, 
or land, is said to be occupied by a thousand millions 
of human beings. 

4. The land consists ofcontinents, islands, peninsulas, 
and isthmuses; and the water of oceans, seas, guUh, 
straits, and rivers. 

5. The map of the world is divided into two hemis- 
pheres. The right, or eastern hemisphere, contains the 
three conUnents of Europe, Asia, and Africa, com- 
monly called the Old world, as having been known 
to the ancients. The left, or western hemisphere, con^- 
tains the two continents of North and Soum America, 
called the New World, having been only discovered by 
Columbus in the year 1492. 

6. An island is a portion of land entirely surrounded 
by water, as Jamaica, Great Britain, Ireland, &c. 

7. A peninsula is a tract of land ahnost surrounded 
\jij water, as the Morea, in Greece. Spain and Por- 



Digitized by V^jOOQ IC 



tugaly taken together, may be considered as a peninsula, 
being joined to the continent by the Pyrenean moun- 
tains. 

8. An isthmus is a neck of land which joins a penin- 
sula to a continent, or two continents together. The 
tract of land which joins Africa to Asia is the isthmus 
of Suez ; that which unites North and South America 
i& called the isthmus of Panama. 

9. There are four oceans; viz. the Pacific, the At- 
lantic, the Indian, and the Northern Ocean. 

10. A sea is a smaller collection of water; as, the 
Mediterranean, the Baltic, the Black, and White Seas. 

11. A gulf, or bay, is an arm of the sea which runs 
a Qonsiderable way into the land; as the Gulf of Mexico 
and Guinea, and the Bay of Biscay. 

12. A strait is a narrow part of the sea, forming a 
passage from one sea to another; as the Straits of 
Gibraltar, Magellan, and Dover. 

13. A cape or promontory is a point of land jutting 
out into the sea^ as the Cape of Good Hope, and Cape 
Horn. 

WESnONS FOR EXAMINATION. 

1. Wbat 18 geog^phy ? 
2« Wliafc is the earth 1 

3. What proportion of land is there to water on the surface of 
the earth? 

4. Of what parts do the land and water consist ? 
5* What Me the hemii^heies I 

6. What is an island I 

7. What is a peninsulal 

8. Whsit is an isthmus? 

9. How many oceans are there* and point out hy the mi)p how 
they are situated ? 

10. What is a sea, and point out those which are mentioned t 

11. Wbat is a g^lf, and show me those mentioned ? 

12. What is a strait? 

13. What is a cape 1 
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LESSON THE SECOND. 

EUROPE. 

1. Europe, the smallest of the four divisions of the 
globe, is bounded on the east by the Black Sea and 
Asia : — on the north by the Frozen Ocean : — on the 
Tvest by the Atlantic Ocean : — and on the south by the 
Straits of Gibraltar and the Mediterranean Sea. 

2. Europe comprehends Lapland, Norway, Sweden, 
Denmark, Russia, Prussia, Holland, the German States, 
Austria, Bohemia, Hungary, Turkey, France, Switzer- 
land, Italy, Spain, Portugal. 

3. The principal islands are. Great Britain and Ire- 
land, Iceland, Zealand, Corsica, Sardinia, Sicily, Candia, 
Ivica, Majorca and Minorca. 

4. The three European seas are, the Mediterranean, 
the Baltic, and the White Seas. That part of the 
Mediterranean which lies east of Candia is called the 
Levant. 

5. The chief rivers in Europe are the Wolga, the 
Danube, the Nieper, the Rhine, the Rhone, and the 
Elbe. Rivers always rise in the high lands and flow 
towards the sea. 

6. The right bank of a river is that which is on the 
right hand when sailing dotun the stream; and the left 
bank on the opposite side. 

7. The principal mountains are the Alps, which se- 
4)arate Italy from Germany, Switzerland, and France : 
— ^the Pyrenees between France and Spain : — the Do- 
frafeld Mountains between Norway and Sweden : — and 
the Carpathian Mountains, which bound Hungary on 
the north and east. 

8. The European capes are North Cape, the Naze, 
Capes La Hogue, Finisterre, St. Vincent, and Matapan. 

QUESTIONS FOR EXAMINATION. 

1. How is Europe bounded 1 
Point out its extent on the map. 
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S. What countries does Europe comprehend ? 
Point them out on the map. 

3. Which are the principal European islands ? 
Shew their situation on the map. 

4. Which are the European seas ? 
Shew their position. 

5. Which are the chief rivers of Europe, and where do riyers 
take their rise ? 

Point out on a map the course of the rivers. 

6. Which is the right, and which the left banks of a river? 

7. Which are the principal European mountains ? 
Point out the direction of each range. 

8. Shew the European capes, and call them by their names. 



LESSON THE THIRD. 

NORTHERN EUROPEAN STATES. 

1 . Lapland, which is covered with immense forests of 
fir, is divided into Danish, or North Lapland; Swedish, 
or South Lapland; and Russian, or East Lapland. 

2. Lapland is bounded on the north and east by the 
Northern and White Seas, and on the south and west 
by Sweden and Norway : its chief towns are Kola and 
Tomea. 

3. Denmark, including Norway, extends from the 
river Elbe in tihie south, to the northern extremity of 
Danish Lapland. 

4. Norway is separated from Sweden by the Dofra- 
feld Mountains: its principal towns are Bergen and 
Christiana; and near its coast is the famous vortex called 
the Maelstroom.. 

6. Denmark is surrounded by the sea, except on the 
south, where it joins Germany by the province of 
Holstein. 

6. It consists of the peninsula of Jutland, and the 
islands of Zealand, Funen, &c. in the Baltic Sea. In 
Zealand is the capital, Copenhagen. 

7. Iceland, Greenland^ and the Ferroe Islands are 
subject to Denmark. 

8. Sweden is bounded on the north by Lapland, on 
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the east by Ruaeiay on &e west by the Norwegian 
Mountains, and on the south by the Baltic, the Sound, 
and the Scaggarac. 

9. The chief towns are Stockhohn, Upsal, Gotten^ 
burg, Carlskroon, and Abo in Finland. 

10. Russia, a most extensive empire, is partly in 
Europe, and partly in Asia; in some parts it is said to 
be 9,000 miles in length, and nearly three in breadth. 

11. Russia is bounded by the Frozen Ocean on the 
north, by Asiatic Russia on the east, Tartary and Turkey 
on the south, and by Sweden, Austria, and Prussia on 
the west. 

12. The principal towns are Petersburgh, Moscow, 
Archangel, Cherson, Astrachan, and Tobolsk. 

13. The principal rivers are the Wolga, the Don, the 
Nieper, and Niester; and the chief l^es are Ladoga 
and Onega. 

14. Prussia is bounded by the Baltic and Russia on 
the north and east, by Germany on the west, and by 
Bohemia on the south. 

15. The chief towns are Berlin, Koningsberg,^ Breslaw, 
Warsaw, and Dantzic; and the principal rivers are the 
Vistula, the Pregel, and the Memel. 

16. It is divided into Royal Prussia, on the west of 
the Vistula, and Ducal Prusma on the east, 

17. Holland is bounded on the north by the German 
Ocean, on the west by the British Channel, on the east 
by the German Ocean, and on the south by some of 
the newly acquired dominions of France. 

18. Holland consists of seven provinces, formerly 
denominated the " United Provinces,'^ viz. Groningen, 
Griesland, Overyssel, Holland, Utrecht, Guelderland, 
and Zealand. 

19. The chief towns are Amsterdam, Leyden, Rot- 
terdam, Haerlem; and the principal rivers are the Rhine, 
the Maese, and the Scheldt. 

QVSSnONS FOR BXAmVATION. 

1. How is Lapland characterized ? 

9* How is Lsplaod boimded^ and whiob are its chief towns 1 
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& What is the extent of Denmark ? 

4. How is Norway characterized ? 

5. How is Denmark hounded ? 

6. Of what does Denmark consist, and where is the capital ? 

7. What principal islands are subject to Denmark ? 

8. How is Sweden bounded ? 

9* Which are the chief towns of Sweden ? 
Point them out in the map. 

10. How is Kussia characterized ? 

11. How is it bounded ? 

12. What are the principal towns of Russia? 

13. Which are the chief rivers T 

14. How is Prussia bounded ? 

15. Whioh are the chief towns and iiTerft? 

16. How is Prussia divided? 

17. How is Holland bounded ? 

18. Of what does it consist ? 

19. Which are the chief towns and rivers ? 



LESSON THE FOURTH. 

GCRXAirY, F&AJfCBy iIND SWITZKRLAHD. 

1. Hie Aostrian dominions are bounded on the west 
by the Gennan states, on the north by Prussia, on the 
east by Russia, and on the south by Turkey in Europe, 
the Gulf of Venice, and Italy. 

2. The principal states are Ganicia and Bokovia on 
the north and east of the Carpathian Mountains : from 
north-west to south-east are Bohemia, Moravia, Hun- 
gary, and Transylvania : and on the south are the Tyrol, 
Carinthia, Camiola, Croatia, and Sclavonia: Istria is 
situated on the Gulf of Venice. 

3. The chief towns are Vienna, Presburgh, Buda, 
Cracow, TVieste, and Venice: and the principal river is 
the Danube, whose lengdi is estimated at 1 ,300 miles 
from its rise in Swabia, till it &lls into the Euxine, or 
Black Sea : to this may be added the Morau, the Adige, 
and the Elbe 

4. The principal mountains are the Tyrolese, the Alps, 
and the Carpathian. 

5. The Gennan States are bounded by Denmark and 
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the Baltic on the north, by PmsBia and the Austrian 
dominions on the east and south, and by France and 
Holland on the west. 

6. Germany is divided into that part which is north 
of the Mayne, and that which is south of it; both parts 
are subdived into parts, called circles, and these are 
again divided into principalities, duclues, electorates, 
bishopricks, &c. 

7. In Germany, north of the Mayne, are the circles 
of Westphalia, of Upper and Lower Saxony : the duchies 
of Mecklenburgh, Lunenburg, and Magdeburg: the 
bishopricks of Osnaburg, Munster, Wurtzburg, &c. &c. 

8. In Germany, south of the Mayne, are the circles 
of Franconia and Swabia: the bishoprick of Mentz, 
the Palatinate, and Bavaria: the duchy of Wurtem- 
burg: the bishopricks of Spire, Augsburg, &c. 

9. The chief towns are Dresden, Hamburgh, Leipsic, 
Frankfort, Munich, Wurtemburg, Augsburg, and Prague. 

10. The principal rivers are the Danube, rising in 
Swabia; the Rhine, the Mayne, and the Elbe. 

llr France, one of the most westerly empires of 
Europe, is bounded on the north by the British Channel 
and Holland; by Germany, Switzerland, and part of 
Italy on the east; on the south by the Mediterranean 
and Spain; and by the Atlantic on the west. 

12. France was formerly divided into provinces; but 
since the revolution it has been divided into depart- 
ments. 

13. The principal towns are Paris, Lyons, Marseilles, 
Boiurdeaux, lisle, Valenciennes, Amiens, and Toulouse: 
the mountains are the Alps, which separate it from 
Italy; and the Pyrenees, wnich, till lately, marked the 
boundaries between France and Spain. 

14« The chief rivers are the Rhone, the Garonne, the 
Loire, the Seine, and the Somme. France is likewise 
celebrated for its canals, the canal of Languedoc is 180 
miles in length. 

15. Switzerland, situated among the Alps, is bounded 
on the north by Germany, on the west by France, and 
on the south and east by Italy. 
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16. It is divided into cantons. Its chief towns are 
Bazil, Berne, Zurich, and Lauzanne. 

17. The sources of the Rhine and Rhone, two of the 
grandest rivers in Europe, are among the mountains of 
Switzerland. The chief lakes are those of Constance 
and Geneva. 

18. Besides the Alps, which separate Switzerland 
from Italy, there are the mountains of St. Gothard and 
Mont Blanc, which are the most lofty of any in Europe. 

QUESTIONS FOR EXAMINATION. 

1. How are the Austrian dominions bounded? 

ft. What are the principal Austrian states and kingdoms? 

3. Which are the towns and rivers? 

4. Which are the mountains? 

•5. How are the German states bounded? 

6. How is Germany divided? 

7s What does Germany north of the Mayne chiefly include? ' 

8* Which are the principal circles south of the Mayne? 

9, Which are the chief towns? 

10. Which are the principal rivers? 

11. What are the boundaries of France? 

12. How is France divided ? 

13. Which are the principal towns and mountains? 

14. Which are the rivers, and for what else is France cele- 
brated? 

15. How is Switserland bounded? 

16. How is it divided, and what are its chief towns? 

17. What rivers take their rise in Switzetrland; and what are 
I3ie lakes? 

18. Which are the highest mountains in Europe? 



LESSON THE FIFTH. 

ITALY, TURKEY AND ITS ISLANDS, SPAIN AND PORTU- 
GAL, AND THE UNITED KINGDOM OF GREAT BRITAIN. 

1. Italy is bounded by the Adriatic and Mediterra- 
nean Seas, and by the Alps, which separate it from 
France, Switzerland, and Germany. 

2. It is divided into the southern part, which com- 
prehends the kingdom of Naples: the central, which 
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consists of the dominions of the Church, and the kingdom 
of Etniria; and the northern, which comprehaick the 
kingdom of Italy, including Venice. 

3. Rome, Florence, Naples, Milan, are the principal 
towns; and the Po the chief river. The Tiber has been 
long celebrated; and so have the lakes Maggiore and 
CSomo. 

4. Sicily, the largest of the Italian islands, is sepa- 
rated from the south-west of Nc^les by the Strait of 
Messina, &mous for the Scylla and Clmrybdis of the 
ancients. The chief towns of this island are Palermo, 
Messina, and Syracuse. 

5. Sardinia, Corsica, Malta, Candia, and Rhodes, 
are all considerable islands in the Mediterranean. 

6. Turkey in Europe is bounded on the north by the 
river Niester, and the Austrian dominions ; on the east 
and south by the Bladt Sea, the sea of Marmora, the 
Archipelago, and Mediterranean; and on the west by 
the Gulf of Venice and Dalmatia. 

7. It is divided into provinces, of which the northern 
are Moldavia, Bessarabia, Wallachia, Servia, and Bosnia : 
those in the middle are Bulgaria, Romania, Macedonia, 
Albania, and Epirus; and the southern are Thessaly, 
Achaia, and the Morea, which are called Greece. 

8. The chief cities are Constantinople, Adrianople, 
and Belgrade; and the most celebrated mountains are 
Pindus and Olympus, which separate Thessaly fron^ 
Epirus; Parnassus in livadia; Athos and Heemus. 

9. The islands are numerous, of which Rhodes and 
Candia, in the Mediterranean, are the chief; besides 
these there are Zante, Cephalonia, Corfu, and others, 
west of Turkey, forming a republic of the Seven Islands. 

10. Spain, on account of its westerly situation, an? 
ciently called Hesperia, is bounded on the north by the 
Bay of Biscay and the Pyrenean Mountains; on the 
east by the Mediterranean Sea; on the south by the 
Straits of Gibraltar; and on the west by Portugal and 
the Atlantic. 

11. Spain is divided into fourteen provinces. Its 
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chief towns are Madrid, Barcelona, Seville, Coninna, 
and Cadiz; and the principal rivers are the £bro, the 
Tagus, and the Douro. 

12. The chief islands near Spain are Majorca, Mi- 
norca, and Ivica. Gibraltar stands on a promontory 
in the south of Spain. "^ 

13. Portugal is bounded on the south and east by 
the Atlantic Ocean. 

14. It is divided into provmoes, and its chief towns 
are Lisbon and Oporto. The Azores belong to the Por- 
tuguese. 

15. The united kingdom of Great Britain and Ire- 
land, consists of England, Wales, Scotland, and Ireland. 

16. These islands are situated in the Atlantic ocean; 
but that part of the ocean south of England is called 
the Straits of Dover; on the eastern side it is called the 
German Ocean; and the part between Great Britain and 
Ireland is called St. George's Channel, or the Irish Sea. 

17. England is divided into forty counties; "Wales 
into twelve ; and Scotland into thirty-three. 

18. Ireland is divided into four large provinces, viz. 
Ulster to the north, Leioster eastward, Munster south- 
ward, and Connaught to the west; and these are sub- 
divided into thirty-two counties. 

19. The three capitals are London, Edinburgh, and 
Dublin. In England the three towns next in import- 
ance are Manchester, Liverpool, and Bristol; in Scot- 
land, Glasgow, Perth, and Aberdeen; and in Ireland, 
Cork, Limerick, and Belfast. 

20. The principal rivers in England are the Thames, 
the Severn, the Humber, the Mersey, the Trent, and 
the Medway; in Scotland they are the Forth, the Tay, 
the Dee, and tiie Don. 

21. The islands belonging to Scotland are the Shet- 
land, the Orkney, and the Hebrides or Western Islands; 
and the most considerable lakes are Loch or lake Tay; 
Loch Lomond, and Loch Ness. 

QUESTIONS FOR EXAMINATION. 

1. How is Italy bounded ? 

2. How is it diyided, and of what do the divisions consist t 
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3. Which are the principtl towns and principal riyers? 

4* How ia Sicily characterized 7 

5. Which are the considerable islands in the Mediterranean 1 

6. How is Turkey bounded 7 

7. How IS Turkey divided ? 

8. Which are the chief cities and mountains ? 

9. Which are the principal islands t 

10. What was Spain formerly called, and how is it bounded ? 

11. Which are the chief cities? 

12. Which are the principal islands, and how is Gibraltar si- 
tuated? 

15. How is Portugal bounded ? 

14. How is it dirided, and what are its chief towns? 

15. Of what does the united kingdom of Great Britain and 
Ireland consist? 

16. How is it situated ? 

17. Into how many counties is the United Kingdom divided ? 

18. How is Ireland divided? 

19. Which are the principal towns? 

20. Which are the principal rivers in England and Scotland ? 

21. Which are the islands and lakes of Scotland? 



LESSON THE SIXTH. 

. ASIA. 

1. The extent of Asia from the Hellespont to East 
Cape is more than 7,000 miles, and its greatest width 
north and south is about 5,000 miles. Its boundaries 
are Europe and the Arabian Gulf; the Frozen and 
Pacific Oceans. 

2. Asia comprises, according to Pinkerton, Asiatic 
Turkey and Russia, the Chinese empire, Japan, the 
Birman empire, Siam, Hindostan, Persia, Independent 
Tartary, and Arabia. 

3. The Asiatic islands are divided into the Oriental 
Archipelago; Australasia, or New Holland; and Poly- 
nesia, or the small isles in the Pacific Ocean. 

4. The oceans and seas adjoining Asia, are the 
Northern, Indian, and Pacific Oceans : the Black Sea, 
the Seas of Korea, Tonquin^ and Siam; the Bay of 



Digitized by V^jOOQ IC 



GEOGRAPHY. 8t 

Bengal, the Arabian or Red Sea, the Persian Gulf, the 
Levant, and the Archipelago. 

5. The principal straits in Asia are Bhering's, which 
separates it from America; the straits of Malacca, Smida, 
Java, Sumatra, Ormuz, and Babelmandel, which sepa- 
rates Arabia from Africa. 

6. The principal rivers are the Kian Ku; the Koan 
Ho, the Lena; the Yenisei, and the Ob, the Amur, the 
Burrampooter, the Granges, the Euphrates, and the 
Indus. 

7. The mountains, of most consequence, are the 
Uralian, the Altaian, Swansk, Yablonnoy, the Thamo; 
those of Thibet, the Taurus; the Gauts of Hmdostan; 
and the Caucasian, which reach from the Black to the 
Caspian Sea. 

8. Asiatic Turkey is bounded on the north by the 
Black Sea and the Caucasian Mountains; on the east 
by the Caspian Sea and Persia; and on the south and 
west by the Red Sea, Arabia, and the Mediterranean. 

9. The chief towns are Aleppo, Damascus, Smyrna, 
Bassora, and Bagdad. The principal rivers, the Eu- 
phrates and Tigris; and the principal mountains, the 
Taurus, Libanus; and Ararat. 

10. Asiatic Russia, or Siberia, is bounded on the 
north by the Arctic Ocean; on the east by the seas of 
Kamtshatka and Ochotsk; on the south by the Altain 
chain of mountains and other lofty ranges ; and on the 
west by European Russia. 

11. The chief towns are Astracan^ Azof, Tobolsk, 
Kolywan, Irkutsk. 

12. The Chinese empire is of vast extent, and con- 
sists of China Proper, the territory of the Monguls, and 
the region of Thibet. 

13. China Proper, is bounded on the east and south 
by the sea; on Uie north by the great wall and the 
Desert of Shamo; and on the west by Thibet. The 
chief cities are Pekin, Nankin, and Canton. 

14. Chinese Tartary, or the territory of the Monguls, 
18 bounded on the east by the sea, on the south by 

G 
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China Prq[)er and Thibet, on the west by the Cloudy 
Mountains and Great Bucharia and on the nortii by 
Asiatic Russia. 

15. Thibet is included between China and Hindostan. 
The chief town is Lassa. 

16. The Japanese Islands have been compared widi 
the united kingdom of Great Britain and Ireland, they 
form a great msular power near the eastern extremity 
of Asia, as the British Isles do near the western extre- 
mity of Europe. 

17. The most considerable of the Japan Islands is 
Niphon : the chief towns are Jeddo, Miaco, and Na- 
gasaki. 

18. The Binnaa em{»re is bounded on ^ north by 
mountains that separate it from Asia, on the east it 
borders on Thibet and China, and cm. the west it is 
separated by a range of mountains that separate it from 
the British dominions in Bengal. The chief cities are 
Ava and Pegu. 

19. Hindostan lies to the south of Asia, and extends 
from Cape Comortn in the soutii, to the mountain^ 
which form the northam boundary of Cashmir. It is 
bounded by Persia, Thibet, the Birman empire, and iJie 
sea. Tlie diief cities are Calcutta, Dacca, Paka, and 
Benares. 

20. Persia has the Caspian Sea and part of Tartary 
on the ncHth, Indm on the east, it is bounded by the 
ocean and Persian Gulf on the south, and Asiatic Turicey 
on the west. Its t^iki cities are Ii^ahaft, Shiraz, and 
Teffliz. 

21. indfependent Tartaay extends east and west from 
the Caspian Sea to the moiiHtains of Bekir, and from 
the mountains of Graur in the sou& to the boundaries 
of Russia. 

22. The divisions of hidepcodent Tartary are, (1.) 
llie Steps, or barren plains in the north. (2.) Hie 
kingdom of Kiaurzan. (3.) Sogd. (4.) Great Bu- 
charia. (5.) The provinces of Balk, Kflan, and Gaur. 
The chief toww are Samarcand, Boldiara, and Balk. 
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23. Arabia is bounded by the Red Sea and the In- 
dian Ocean on the west and south, by Persia and the 
Persian Gulf on the east, and on the north by Asiatic 
Turkey. 

24. It is divided into Stony Arabia, north of the 
Red Sea, Arabia the Desert on the east, and Arabia the 
Happy cm the south-west. The chief towns are Mecca 
and Medina. 

25. TheEastemArcMpelagoisdividedkito the islands 
of Sunda, Borneo, the Manilks,theCelebesian Isles, and 
the Spice Islands. 

26. Australasia consistsof New Holland, New Guinea, 
New Britain, New Zealand, and Van Diemen's Land. 

27. Polynesia includes the Pelew and Ladrone Islands ; 
the Carolmes and Sandwich Islands, the Marquesas, So- 
ciety, Friendly, and Navigator's Islands. 

QUESTIONS FOR EXAMINATION. 

1. Wfattt art the «zt«itt and botmdariM of Asia? 
t. What ampvM doea Aaia oompriae t 
Poiat tham oat. 
S. How are the Asiatic islands divided ? 

4. What oceans and seas are adjoining to Asia? 
Shew them on the map. 

5. Which are the principal straita ? 
Point them out. 

6. WhidiaredieohiefriYeii? * 
Traea tham out on tiie mi^ 

7. Which are the principal movntoins ? 
a. How is Asiatic Turkey bounded ? 

9. Which are the chief towns and mountains ? 

10. How is Asiatic Hussia hounded ? 

11. Which are the chief towns ? 

It, Of what does the Chinese empire evmsist? 

15. Mtfw is China Proper boanded, and whoft areilie ohief ekifla? 
14. How is Chinese Tartary bounded ? 

1$. How is Thibet situated, and what is the chief town ? 

16. How are the Japanese Islands characterised ? 

17. Whieh is the most considerable of (he Japan Islands, and 
what are the chief towns ? 

IB. How is the Birman lempire bounded, and what are the chief 
towns? 

o2 
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19. What are the extent, boundaries, and chief cities of Hin« 
dottan? 

20. Which are the boundaries and chief cities of Persia? 

21. What is the extent of Independent Tartary? 

22. How is it divided? 

23. What are the boundaries of Arabia ? 

24. How is Arabia divided? 

25. Of what islands do the Eastern Archipelago consist ? 

26. What does Australasia comprise ? 

27. What does Polynesia include ? 



LESSON THE SEVENTH. 

AFRICA. 

1. Africa, a vast peninsula, in some parts more than 
4,000 miles in length, and as many in breadth, lies to the 
south of Europe, and is separated from Asia by the Red 
Sea. 

2. Africa, according to Pinkerton, is divided into 
Abyssinia, ]^ypt, the Mahomedan states in the north- 
western parts of Africa, the colony of the Cape, and 
eastern Africa. 

3. There are no inland seas, and but one lake of any 
note, viz., the lajce of Maravi; the chief rivers are the 
Nile, the Niger, and the Senegal. 

4. The chief mountains are the Atlas, that reach from 
Morocco to Egypt; and the Mountains of the Moon, 
among which the Nile takes its rise. 

. 5. Abyssinia is divided into several provinces, of which 
the principal are Tigri, Grojam, and Dembea. Gondar 
is the capital of the empire. 

6. E^ypt, a kind of valley, through which the Nile 
flows, is 500, miles in length; and is bounded on the 
north by the Mediterranean, on the east by the Red Sea 
and the Isthmus of Suez, on the south by Nubia and 
Abyssinia, and on the west by Barca. 

7. It is divided iiito Upper, Middle, and Lower, The 
diief cities are Grand Cairo, Alexandria, Rosetta, and 
Damietta. 
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' 8. Between Egypt and Abyssinia is the ancient Ethi- 
opia, now denominated Nubia, an extensive tract, 600 
miles long, and almost as many broad. 

9. The greatest part- of Nubia is occupied by vast 
deserts ; but Dongola on the north, and Sennaar on the 
south, are states of some small consequence. 

10. The northern Mahomedan states are Tripoli, Tu- 
nis, Algiers, and Morocco. Tripoli is Africa Proper, 
and the Lybia of the ancients : Tunis was formerly the 
chief seat of Carthaginian power. 

11. On the western coast are Sierra Leone ; Guinea, 
divided into the Grain, the Ivory, and the Gold coasts ; 
Benin, Loango, and Congo; Zaara, or the Great Desert, 
said to be half as large as Europe; andCaffraria, that ex- 
tends to the Cape of Good Hope. 

12. The Cape of Good Hope is the most southerly 
part of Africa. 

13. On the eastern coast of Africa are Natal, Sabia, 
Sofala, Mocaranga, Mosambico, and Zanguebar, which 
are succeeded by the desert regions of Ajan and Adel. 

14. Madagascar, an island on the east of Africa, is 
one of the largest islands in the world. 

15. On the west is St. Helena, the Cape de Verd and 
Canary Islands, and Madeira. 

QUESTIONS FOR EXAMINATION. 

1. How is .Africa situated ? 

2. How is it divided ? 

3. What is remarkable respecting its waters ? 

4. Which are the chief mountains t 

5. How is Abyssinia divided, and what is the capital ? 

6. What is the extent, and what are the boundaries of Egypt ? 

7. How is Egypt divided, and which are its principal cities 1 

8. How is Nubia situated ? 

9. With what is Nubia principally occupied 1 

10. Which are the northern Mahomedan states ? 

11. What are the principal places on the western coast t 

12. How is the Gape of Good Hope situated ? 

13. What places are in the eastern coast 1 

14. How is Madagascait situated ? 

15. What islands are on the west of Africa? 
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LESSON THE EIGHTH. 

AMERICA. 

1. America extends from the 72 degree north lati- 
tude, to the 54^ south latitude, or almost nine thousand 
miles in length, and in some parts of North America it is 
more than four thousand miles in breadth. 

2. America is divided into North and South, heio^ 
separated by the Isthmus of Darian and Panama. 

3. North America includes the United States, the 
Spanish and British dominions, besides those parts that 
are still left to the native tribes. 

4. South America, independently of what remsuns to 
the native tribes, is divided among the Spanish, Portu- 
guese, French, and Dutch. ^ 

5. The inland seas of North America are the Gul& 
of Mexico, California, and St. Lawrence, with Hudson'^ 
Bay, and Davis's Straits. 

6. The lakes, which make one of the grandest fea- 
tures of the world, are Superior, Michigan, Huron, Wen- 
nipeg, and the Slave-Lake; and the principal rivers are , 
the Mississippi, the Ohio, and the St. Lawrence, 

7 . The most celebrated mountains are the Apalachian, 
passing through the territory of the United States. 

8. The United States are divided into the northern, 
middle, and southern. (1.) The northern iodude Ter- 
mont. New Hampshire, Massachusetts, Connecticat, and 
Rhode Island. 

(2.) The middle consists of New York, New Jersey, 
Pennsylvania, Delaware, and the territory cm the north- 
west of the Ohio. 

(3.) The southern are Maryland, Vkgima, Kentudty, 
North Carolina, Georgia, and the country south of Ken- 
tucky. 

9. The chief cities are "Washington, PhiladelpKa, 
New York, Boston, Baltimore, and Charlestown* 

1 0. The Spanish dominions are East and West Florida 
and the Mexicos. Lonitiana formerly made a part of the 



Digitized by LjOOQ IC 



GBOGBAPHY. 8? 

Spanish dominions, but was ceded to the United States 
for a sum of money. 

11. The British dominions include Upper and Lower 
Canada, Nova Scotia, New Brunswick, the Island of 
Breton, Newfoundland, and the Bermuda, or Summer- 
Islands. 

12. The native tribes possess Greenland, Labrador, 
and the vast regions about Hudaon's Bay, and the 
eouBtry on the western coast. 

13. The West Indies, or West Indian-Islands, are 
situated between North and South America ; of these 
the most important are Cuba and Porto Rico, Spanish ; 
St. Domingo, an independent Black empire; and Ja- 
maica, English. 

14. The Bahama Islands are situated ncNTth of Cuba 
aiMl St. Domingo. The Caribbees extend from Tobago 
in the south, to the Virgin Islands in the north. 

15. South America has no inland sea ; but the rivers 
Amazon and those of La Plata and Orinoco are the 
largest in the world. 

16. The mountams are the highest on the globe ; the 
Andes extend four thousand miles, some of which are 
four miles high, and are perpetually cofered with snow. 

17. South America comprehends Tern Firma, New 
Grenada, Guiana, Amazonia, Peru, Brazil, Paraguay, 
Chili, and Patagonia. 

.18. Buenos Ayres, Peru, Chili, and New Grenada, 
belong to Spain; Brazil to Uie Portuguese ; and Guiana 
partly to the French, and partly to tii^ Dutch; Cayenne 
consists of a considerable territory on the continent, and 
of an island of the same name. 

19. Amazonia and Patagonia are still possessed by 
the native tribes, and each is divided into several kmg- 
doms. 

20. The islands contiguous to South America are Tri- 
nidad, the Falkland Islands, Terra del Fueffo, ChiIoe» 
and Juan Fernandez. The GaUipago Island are near 
the equator, and the Pearl Islands he in the Bay of 
Panama. 
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QUESTIONS FOR EXAMINATION. 

1. Of what extent is America ? 

2. How is it divided ? 

S, What does North America include ? 

4. Among whom is Soiith America dirided ? 

5. Which are the inland seas of North America 1 

6. Which are the principal lakes and risers ? 

7. Which are the moat celebrated mountains ? 

8. How are the United States divided, and what are the north* 
em states ? 

Which are the middle states ? 
Which are the southern ? 

9. Which are the principal cities of the United States ? 

10. Which are the Spanish dominions ? 

11. Which are the British dominions ? 

13. What parts do the native tribes possess ? 

13. Which are the principal West India Islands, and how are 
they situated ? 

14. How are the Bahama and Caribbee Islands situated ? 

15. Has South America any islands, aeas^ or rivers t 

16. What is said of the mountains of South America? 

17. What does South America comprehend? 

18. Under whose government are the several parts of South 
America? 

19. By whom are Amazonia and Patagonia possessed ? 
f^. What islands are contiguous to South America ? 



LESSON THE NINTH. 



GENERAL PRINCIPLES. 



1. The general curvature of the earth's surface is 
easily observable in the disappearance of distant objects; 
for on the sea, when there is no obstruction to the sight, 
the upper parts of a vessel are first seen, and as the eye 
is more elevated, each part is sooner observed. 

2. The earth is found to be of a globular figure, but 
not a perfect sphere; the diameter between the poles 
being about thirty-four miles shorter than the diameter 
at the equator. 

3. The earth is divided into zones and into climates : 



Digitized by LjOOQ IC 



6K00BAPHY. OHf 

there are five zones; two frigid, two temperate, and 
one torrid zone. 

4. The torrid zone is limited by the tropics, which 
are 23^ degrees on each side of the equator : the frigid 
zones are within the polar circles, at 23 J degrees from 
the poles ; and the temperate zones are situated between 
the frigid and torrid zones. 

5, The cUmates are determined by the length of the 
longest day in different parts of the earth's surface. 

I 6. The natural division of the earth's surface is, as 
we have seen, into land and water. The lands are more 
or less elevated above the level of the sea, interspersed 
with lakes and other collections of water. The Caspian 
Sea is said to be 300 feet lower than the Ocean. 

7. If the surface of the earth were divided into 100 
parts, Europe would contain 2, Asia 7, Africa 6, Ame- 
rica 6, Australasia 6, and the remaining 73 parts are 
water, 

8. The general inclinations of the continents are dis- 
covered by the course of the rivers, of which the prin- 
cipal, and in the order of their magnitude, are the Ama- 
zons, the Senegal, and the Nile, the river St. Lawrence, 
the Mississippi, tiie Wolga, the Oby, the Amur, the 
Orinoco, the Ganges, the Euphrates, the Danube, the 
Don, the Dnieper, and the Dwina. 

9. In length the rivers will range differently, vizj 
(taking the length of the Thames for 1), the Amazons 
will be 154; ^^^ ^^ l^J 5 the Hoango 13J ; the 
Nile 12 J ; the Lena 11 J ; the Amur 11 ; the Oby 10^; 
the Jenisci 10; the Ganges, Burrampooter, Ava, and 
Wolga, each 94; the Euphrates 8^; the Mississippi 8; 
Danube 7 ; Indus 5 J ; and Rhine 5J. 

10. The level of a continent may be obtained by 
tracing a line across it in such a direction as to pass no 
river ; this course indicates a tract of country higher than 
most of the neighbouring parts. 

First Exercise. — With respect to the level of the 
ancient continent. — Beginning at Cape Finisterre, we 
»oon arrive at the Pyrenees, keeping to the south of the 
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Gtioiine and the Loire. Taking a long^ tun» nortkwaidi 
to avoid the Rhine, we come to Switzerland, and may 
approadi y&j near the Mediterranean in the state of 
Goioa, taking care not to cross the brandbea of the Pa* 
We make a circuit in Switserhmd, and pasa betireen the 
smirces'of the Danube and of the bre^ndieB of the Rhine 
in Swabia. Crossing Franconia^ we leave Bohemia to 
the north, in order to avoid the Qbe ; and coming near 
to the borders of Austria, follow those of Hiin|ary to 
the north of the Vistula. The Dnieper then obliges us 
to go northwards through lithuania, leavmg the Don 
wholly to the right ; and the Wolga to pass rail fiorthep 
between Petersburgh and Moscow. We may then pro* 
ceed eastwards to the boundaries of Aflia> and thence 
northwards to Nova ZemUa. Hence we descend to the 
west of the Oby, and then to the east of the branches 
of the Wolga, and the other inland rivers flowing into 
the lake Aral and the Caspian Sea. Here we are situated 
on the widely extended elevation of India, in the neigh- 
bourhood of the sources of the Indiu; and lastly, in our 
way from hence to Kamtschatka, we leave the Jenisci 
and Lena on the left, and the Qai^^^ the KiaaKu, the 
HoangO) and && Amur to the right*. 
. Seccmn Ewmcjasi.''^With re$p€^ to the directum of 
the mountains. — ^The principal chain first c(Histitatea 
the Pyrenees, and divides Spain from France^ then 
passes through Vivarais and Auvergne, to join the Alps, 
and through the South of Germany to Dahnatia, Albania, 
and Macedonia : it is found agam beyond the Euxine, 
wider the. names of Tanrua, Caucasus, and Imaws, and 
goes on to Tartary and to Kamtschatka. India is 
bounded from north to south by the mountains of the 
Gate, extending frmn iim extrenuty of Caucasus to Cape 
Comorin. In Africa Mount Adas stretches from Fez to 
Sgj^t, and the Mountaina of the Moon run neariy in 
the same direction. There is also a considerable eleva- 
tion between the Nile and the Red Sea* 

11. In the New World the neighbourhood of the west- 
em coast is in general the most elevated. In Nx^rth 
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America, the Blue, or Stony Mountains, are the most 
considerable; and the mountains of Mexico join the 
Andes or Cordeliers, which are contmued along the 
whole of the west coast of South America : Chimboracao 
in Peru is the highest; then Mont Blanc, and the Peak 
of Teneriffe ; the first is four miles high, the second 
three, and the last two and a quarter. 

(The pupil shoM trace all these in his map,J 

QUESTIONS FOR EXAMINATION. 

1. How if tie earyatuze of tb« earth's siir&^ obMrvedl 
8. What is the figure of the earth, and what is the difference 

is tiu length o^the diameter at the eqiuitor« aad that between the 

poles?' 

S. Hew it the earth diyided with regard to zones 2^ 

4. How are the aones situated ? 

5. How are the eliaates determined t 

6. What is the natural di? ision of the earth, and how is the 
limd situated with respect to the sea 1 

7. How is the su«bce of the earth divided as to magnkude t 

8. How do you trace the general inclination ef a continent ; 
and whieh are the largest rirers, and the order of the magnitude t 

9. In what order do rivers range as to their length? 
IVaee them in the map* 

10. How is the level of a continent obtained ? 

Tiaee with a pencil the level of the old continent, aecording 
to £zercise !• 

Point ont the principal chains of mountains according to 
Exercises. 

11. Which are the highest mountains ? 
Point them out» 
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CHRONOLOGY. 

ITS UTILITY. — THE FOUR GRAND EPOCHS IN THE HISTORY 
OF SCIENCE AND THE PROGRESS OF HUMAN KNOW- 
LEDGE. — ^THE GENIUS AND PHILOSOPHY OF BACON. 

** An Epoch, or Mm, is a certain fixed point of time, made tamovM 
by some remarkable event ; from whence, as from a root, the ensuing 
years are numbered, or computed.*' — Ferguion*s Jstronomif, 

Chronology is that science which treats of time, and shews 
its different measures, or computations, as they hare been 
observed by different nations. By chronology we are enabled 
truly to date the beginning and end of the reigns of princes, 
the births and deaths of eminent persons, the reyolutions of 
empires and kingdoms, the progress of civilization, arts and 
sciences, battles, sieges, or any other remarkable events. 
Without this useful sdence, that is to say, without distin- 
guishing the times of events as clearly as the nature of the 
case wifl admit, lustorv would be little better than a heap of 
confusion, destitute of light, order, or beauty. Such are the 
uses of chronology. 

There are at least four grand epochs, which are eminently 
conspicuous ru the progress of human knowledge. A descrip-. 
tion of these will exhibit one of the most important of the 
upphcations of which chronology is susce{)tible; convey a 
Comprehensive idea of historical divisions of time, and gatiier- 
ings and consolidations of events ; and appropriately iutro- 
duce and illustrate the propositions and rules of the following 
lessons. — ^The first of these grand epochs, or aeras, is the 
period of unknown antiquity, when the cultivation of know- 
ledge began to be an exclusive occupation, and a separate 
profession, among those colleges of priests, who, whether 
established on the banks of the Ganges, the Euphrates, or the 
Nile, appear to have been the earliest instructors of the hu- 
man species. These guardians of infant science combined it 
with religion, and thereby rendered it venerable in the eyes of 
their untutored contemporaries; but at the same time enslaved 
it to their own superstition, and for ever stopped its progress 
at the point where it was bound to opinions held to be sacred 
and immutable. The useful institution of a distinct body of 
teachers, thus degenerated into a rigorous exclusion of all 
other men from learning; and, accorcung to the general sys- 
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tern of Eastern society, the first division of mental labou]^ waa 
followed by an hereditary monopoly. Impenetrable barriers 
on eveiy side surrounded knowledge^ which hindered it 
equally from spreading or advancing. 

The second memorable period, is the emandjiation of 
knowledge m the republic of Greece. It is now vain to in- 
quire by what steps the Egyptian and Phoenician colonists, 
who carried the arts of civu lue to the Pelasgic savages^ were 
gradually led to forsake the peculiar institutions of their fore- 
mthers, while they preserved the inventions and manners by 
which society had been improved. The great revolution, 
which gave to civilization a freer and more flexible form 
among the Hellenic nations, is anterior to the dawn of 
authentic history. At the moment of their first impearance 
to us, the Eastern monopolies were overthrown ; philosophy 
had thrown off the fetters of superstition; learning was ac- 
cessible to all men; there was scarcely any separate, still less 
any hereditary, priesthood ; and knowledge occasionally de- 
scended to some individuals among that degraded body of 
slaves, which, by the unhappy constitution of their society, 
contamed the greater part of mankind. Every facu% of 
human nature was excited to the most intense aviouty; 
and every part of science presented a boundless proroect d 
improvement. The progress of knowledge, no loneer checked, 
as in Asia, b^ internal causes, was exposed to danger only 
from the political causes which affected the quiet and safety 
of the nations by which it was cultivated, and which finally 
overthrew the rude governments and feeble independence of 
these splendid, but turbulent and insecure communities. The 
structure of their society was not sufficiently strong to afford 
a lasfinff protection to the cultivation of knowledge. Greece 
lost bom liberty and independence, as soon as the Mace- 
donians became civilized enough to leam the art of war. The 
Roman genius did not long survive the downfall of freedom ; 
and universal despotism extinguished national emulation, 
patriotic feeling, and enterprising ambition, together with 
talents for literature, skiU in arts, and even miStary spirit, 
throughout the civilized world. All the objects of generous 
pursmt which excite the activity of reason and gemus, were 
placed at an immeasurable distance from every Roman pro- 
vincial. The empire was too vast to be the country of any 
man; and the province in which each individual was bom 
was too much degraded to be regarded with complac^i^ or 
pride. Mental refinement, as well as energy, haa perished ; 
and nothing but the outward appearance and vulgar enjoy- 
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mento of drilizalion were left to be wwrcat mnty by thew 
iSostrieus barbniant, w1k> wvve deitbied to rddndk the 
hisber piificiples of hinmm natttre. 

The third period is that known br tin sane of the luddle 
ageii, wbicfe oomprehends the interval between the faH of 
aaicient dniHEatioB and tiie fonnalaon of that vfstou of so^ 
eiety which distinginshea Europe m modem timea. In tbe 
earMer part of this period, ^e mind seemed onoe nMire abont 
to be shackled, ana learning was again threactened wkh an- 
CAtal bondage, htm and sci^iee w»e the exchi^ve peaspa 
aion of the priesthood. The whole of the little knoide^ 
tfa^ possessed by mankind was »)t too much for a sif^ 
prqfe$9ion. An infaiKbie dinrch had aihnoBt imposed her y<^ 
nptm araenoe, and seemed onoe mere npon the point of ar- 
reslsnffits progress, by combining the piradipleB of plifloaopiiy 
with me doctmes of her immuULUe tAcoiogy. Had not the 
ts^bacy of the dergy previsted the saoerdcSal ofBoe fiKnn bo- 
coming bereditaiy, pedbaps the Aoatic system mi^fat then 
bare l^en oon^tdy re^establidMd. But, on the oontrary, 
«s the ecclesiastical profession reqaored labour and stcdy, 
whidi ^ barbarous iffnoraoiee of the nobles disdained^ the 
4^MHre!i was the road by whiok men of the lowest laak rose 
to Hie kogkest statioi^ and tinn becsme one of ^ most de- 
m oeiwtic al principles of socie^ dming the middle a^. A 
lo|^c^ at first afiowed oidy to defend reoeiFed opamom, at 
k^h ga!ve riae to philosopkaeal cotttroteraiea ; wUch, dis- 
gf£ed as they wene msder a baiHlMffons jargon, eaatained liie 
«eeda of ^ deepest and boUest iqpeeidatiom fnnriiriMiB the 



jint pfine^pleB of faanMoa knowledge. The vernal of 4he 
Kofttan jmsprudenee reacnod kiw from abscdnte depeadenee 
cm the cler^, and raised vp linaididile rivalB to ^kmt body ; 
-the euM^ateon of the yenimlm language, and the study of 
imcieot litentare, di^kaeA im to w ti on jmd spkit among the 
laity; and the mond of mnt was grafaa% nwsed to tibat 
ttffdtt againfl* oBhuaiatt^ntiwwty ewr foaaon, whidi is the 
grand soovoe of BfAae^eBal iiij^ioa^emaMt in ade^ce, in ait, 
mjiovencnent^ nt morals* 

Tint fourth epodtk is that^of Hie aeoend eonane^pBtian ^of 
«eienee, anned wi& better inrtnaneats^ sappbod with hi 
more abcBidadit^ materially and semnd ftwn attoek or daesrjr 
by a hsqppier or#er of sociel^. The rel w w ae is , who intended 
onfy to arrosge the state of thadogieal opioiony tertored nnm 
to ^ fiseieiae of free Moaon. 1^ aaacmcrsyifr inaentkms 
taOi ^Kaeoveries wlaeh began in-l^middle of the fifteenth 
ttfitory, promoted ofMilytheJanaaae and A$ ^Mimmmi 
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kaovfM^ Cifilizatioii became impr^iiable : the msceniailt 
of dyitised nations orcr the otber parts of the hmnaB speeiea 
was no kmger capable of being shi^c^ii; and, from tiie begin- 
ning of this neir caraer of aodety, it became impoaiAie to 
arrest iti progrcsB, or pennanently to cnshtFe the 



In tiie general history of tiie hnnuin mind, the Yemlaniian 
reformatioa of philosophy, may doubtless be regarded as a 
portion of that ereat refolntion by which the fourth epoch is 
clistin|(uiihed. But in the history of science it may, wil& 
propnetjr, be separated frtm the general movement of society, 
and oonsKbcred ssptut Miotmaag aj^£4 qioch in the progress 
of knowledge. 

Cohnnbns, Lui^ter, and Bacon are, perhi^s, in modem 
times, ttie BMn <^ whom it may be said, with the greatest 
pobafaili^, tiiat, if they had not existed, tiie whole course of 
human anirs in after ages would have been raried. So nnidi 
has been said of the genius of Bacon, and of the reformation 
which he effeeted in ]^os<^9hy, that I dioakl prore it to he 
vain to attempt any additional observation on that aubwot. 
But iht nxnt important of Bacon's writings has been iW- 
^rated by a commentary, small indeed in extent, but, in my 
opinion, of inestbna'Ue value, as it exhibits a -peirket model 
of the method by which the whole of that great work might 
be adapted to the present state ei science. I allude to Mr. 
Playfair's observations on those parts of the Novum Organum 
which relate to the various sorts of prejudice, and the com- 
parative value of facts in physical enquiry, contained in his 
admirable discourse cm the progress of the physical and 
mathematical sciences. He thus eloquently describes the 
mkid, and genius, and character of that eatraorcynaiy man : — 
^'The power and compass ^ his (Bacon's) mind, which could 
form such a plan before hand, and trace not merely the out- 
line, but many of the most minute ramifications, of sciences 
which did not yet exist, must be an object of admiration to 
ttH succe edin g ages. He is destined, if indeed any lihii^ in 
the world be so destined, to remain an instanHa iingmaris 
anMBgmen; and, as he has had no rkal in the tnaes which 
ave pMt, so is he likely to hme none in the times whidt mte 
to eome. Before any parallel to him can be found, not on^ 
must a man of the same talents be produced, but he must hd 
placed in the same circumstances ; the memory of his pre- 
decessor must be effaced, and the light of science, after being 
entirefy extinguished, must be asam begiuninff to revive, u 
^ veeottd Bacon is ever to arise, he must be tgu&fxat tt! .Qie 
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fint. The range which Bacon's speculations embraced was 
altogether immense. He cast a penetrating eye on the whole 
of science, from its feeblest and most infantine state, to that 
strength and perfection from which it was then so remote, and 
which it is perhaps destined to approach to continually, but 
never to attain. More substitutes might be foimd for Galileo 
than for Bacon. More than one could be mentioned, who, 
in the place of the former, would probably have done what 
he did ; but the history of human Imowledge points out no- 
body of whom it can be said, that, placed in the situation of 
Bacon, he would have done what Dscon did ; no man whose 
prophetic genius would have enabled him to delineate a sys- 
tem of science which had not yet begun to exist ! — who could 
have derived the knowledge of what ought to be from what 
W€LS not, and who could nave become so rich in wisdom, 
though he received from his predecessors no inheritance but 
their errors." I am inclined, therefore, to agree with D'Alem- 
bert, " that when one considers the sound and enlarged views 
of this great man, the multitude of the objects to which his 
mind was turned, and the boldness of his style, which unites 
the most sublime images with the most rigorous precision, 
one is disposed to regard him as the greatest, the most uni- 
versal, and the most eloquent of philosophers. 



LESSON THE FIRST. 

DIVISIONS OF TIME. 

1. Chronology is the science which relates to time, 
and treats of the division of it into certain portions, as 
days, months, years. 

2. The principal divisions of time are those marked 
out by the revolutions of the heavenly bodies, viz. days, 
lunar months, and years. 

3. A day, in common speech, means that period of 
time during which the sun remains above the horizon : 
but in a philosophical sense it denotes the time of a 
complete revolution of the earth about its axis. 

4. The beginning of the day is variously reckoned 
by different nations : some reckon it from sun-rise, and 
some from sun-set* In most European nations the day 
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.is computed from midnight, but modem astronomers 
count the day from noon. 

5. By the Jews and Romans the day and night were 
divided into four watches : the first commenced at six 
in the morning; the second at nine; the third at 
twelve ; and the fourth at three in the afternoon. The 
night was divided in a similar manner. 

6. The Greeks divided their time into portions of 
ten days each ; the Chinese into those of fifteen days, 
and the Mexicans into those of thirteen days. But the 
Jews, Oriental nations, and other civilized people, have 
made use of weeks of seven days each. 

7. In the Old Testament uie term week is some- 
times applied to a period of seven years, as well as of 
seven days. 

8. The month was at first suggested by the phases of 
the moon, and hence months were originally lunar. 

9. Months are divided into astronomical and civil : 
astronomical months are measured by the revolutions 
of the moon, which are either periodical or synodical. 

10. The periodical lunar month is computed by the 
time which elapses between the departure of the moon 
from any part of her orbit to her return to the same 
point, which is 27 days, 7 hours, 43 minutes. 

1 1 . The synodical month is reckoned from one con- 
junction of the sun with the moon to another, and its 
average length is about 29 days, 12 hours, 44 minutes. 

12. The civil month is that space of time by means 
of which the solar year is divided into twelve parts. 

13. The solar year is divided into 12 months of 
30 and 31 days, excepting February, which contains 
28 days, but every fourth year February contains 29 
days. 

14. The year is measured by the motion of the earth 
round the sun, and it formerly consbted of 12 lunar 
months, supposed to contain 30 days each. 

15. By Julius Caesar the year was ordained to con- 
sist of 365 days, 6 hours, which is about 1 1 minutes too 
long; the true length of the year is 365 days, 5 hours, 
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reckoned. 

16. 11k ^xifinwon year contains, thestttoPt^ 365 duys, 
bat meej ftAoth year, caMed leaip year, ^ooneMWte xyf 3^ 
«kiyi; to mfo\A the excess winck diis metH occasioa, 
«irery hundredtii year is commem, and contaitis only 
365 days, exceptmg e^ery itmt bu&dredtli yesr, wtikk 
is tb have 366 days. 

17. The new style oonaai^ftcied m Engkend 4b the 
year 1752., when it it vti^as 4eMnained that tte year 
should begin ton ^ lift day^ Jaflumy, instead 'Of bt 
March, as it had (otmetfy. 

Note. — ^As die form of l^e year is various amon]^ ££fereiit 
miticfDs, so is likewise its he^nming. the Ifews, uke x^er 
nations of the East, had a civil year, which commsDoed mi^k 
the moon m Septendier; «Bd an Bc d asi s itii od yeur, v^ich 
began h&ti the newimooa ia Maich. fhe FeruKM %e|^ 
their year in the month answesuig 4e Jnae. The Chinese 
and most of the Indian nations begin it fnth the first moon ia 
March ^ and the Greeks with the new moon that hupjiens 
next after ^e summer solstice. 

In Endand, the civfl, or \egdi, year fbrmerly commenced 
on itibe ^&th of Mardi, and the Instoriod year on the 'first 
day of January. But, inaoe the idt^Ktion eif the Myfe m 
1/52, as is above^hserved, 4te civil year in diis coontiy tei 
likewise b^un on the ^rst of Attaaiy. 

At the diet of Ratisbon, in 1700, k was ^tecreed 4)y the 
body of Protestants of the empire, that elevendays shomd be 
retrenched from the old style, in order to accommodeCte it to 
the new, and the same regulation has since passed into 
Sweden, Benmiark, and En^ai^ where it was establisftied 
hy the 24th Qeo. II. c. 23 ; whi^ enacts, thnt the ^u{^ta- 
tion, acoordii^ to whidi the year of oar Lord begins on the 
2dthd^of A&ch,iihaUnGtbeiised from andaS^erlte last 
day of December, 1751 ; and that from thenceforth the^first 
day of January every year shall be reckoned the first day of the 
year, and that the natural day next and immediately following 
the 2nd day of September 1/52 shall be called and reckoned 
the 14th day of September, omitting the eleven intermediate 
days of the comnion calendar ; and ihe several natural days 
succeeding the 14th day, shall be 'called and ledconed hi nu- 
merical order. The adoption of the Chfi^^orian comnutatian 
accordinely took place in 1752, and is now recognized tnrough- 
out the United lUngdom. 
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1. Wbatls chrondogyl 

2. What are the principal divhisms of thne'? 
^. What is ineafit %^ A'day t 

H. UowdS'tlaalnipQDiBf .oftbeddi^Mckowlf 
j|». iHofir 'did ti^ Jews «nd IVosMms 4inde Ibeir -^wd Bightt 
^. Jblow did tiie Qweeki and jotlifr«aiitioii0 divide Ibeir time? 
7, What does a week sometimes mean in the Old Testament t 
'8. What suggested the pedicvis of months ? 
S. How are months divided ? 

^. How. is^he pcupsdical [lunar month co«^[rate4, imd wliat ^ 
its length ? 
.11. How is theiSjmodiiyil nwndi mikm^'i 

12. What is the civil month ? 

13. Into how manyimonths is the solar year divided? 

14. How is the year measured, and dx what did it formerly 
consist? 

tb. What was the length ifS the -year'ts d«lMpiin«A hy Julias 
•'G«»sar» and what is its true length ? 

16. Explain the kngth:QfdiireffentyMriaspQrding^;tl^riieir 

t7. When did .the new style cowimsiuje'in t^ngland ? 



WESSON THE SECOND- 

CTCI/BS. 

I. The Komsuds reckoned ^by ImtnUf ftepiode of five 
years, so called from a tax required to be paid every 
fifth year, 

% The <5k^ks reckoned by Olympiads, periods of 
four years, which derived their names from the public 
games celebrated every fourth year at Olympia in the 
Peloponnesus : they are computed from the year 776 
before Christ. 

3. Cycles are*fixed intervsds cff- time composed of the 
successive revohitions of a certain number .of years; 
there are several cycles m use among- chronologists. 

4. The lunar cycle is a period of nineteen solar years, 
at the end of which interval the sun and moQu.retiiin 
to very nearly the same part of the heavens. 

5. The hinar cycle, on account of its utility in deter- 

h2 
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mining the time of Easter, is called tlie '^ Golden Num- 
ber :** the first year of the Christian eera corresponds 
with the second of this cycle. 

6. The golden number, or year of the lunar cycle, is 
found by adding 1 to the present year, and dividing by 
19, the quotient shows the number of cycles which have 
revolved since the Christian sera, and the remainder is 
the golden number for the given year. 

. Example for the year 1839 : to the year I add 1 , 

and divide by 19, -j^ = 96tf. Therefore there have 

been 96 complete cycles since the birth of Christ, and 
the ^Iden number for the present year is 16. 

7. The solar cycle consists of 28 years, when the 
sun returns to the sign and degree of the ecliptic which 
he had occupied at the conclusion of the preceding 
period, and the days of the week correspond to the 
same days of the month as at that time. 

8. The first year of the Christian cera corresponds to 
the ninth of the solar cycle : if therefore 9 be added to 
the present year, and the simi be divided by 28, the 
quotient denotes the number of the revolutions of the 
cyde since the ninth year before Christ, and the re- 
mainder will be the year of the cycle. 

Example for the year 1839, ^^^^J^^ = 1?|? = 66. 

Therefore there have been 66 complete solar cycles: 
and as there is no remainder in this example, the year 
of the cycle for 1839 is 28. 

9. The cycle of Roman indiction consists of 15 years, 
and the first year of it corresponds to the third year 
before the Christian sera. 

10. To find the year of the Roman indiction, add 
3 to the present year, and divide by 15; the quotient 
g^ves the number of cycles since the third year before 
Christ, and the remainder is the year of the cycle. 

Example for the year 1839, H^|±i = 1|P ^ 

15 15 

1224!. Therefore there have been 122 complete cydes, 
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and the present year is the twelfth year of the cycle. 
Had there been no remainder in this and the example 
No. 6, then the golden number would have been 19 : 
and the Roman indiction 15. 

The dominicaly or Sunday letter in the Almanack, is 
thus found, the days of the weeks are named A, B, C, 
B, E, F, G, arid A is always put for the first day of 
the year, B for the second, &c. In the present year, 
the first day being Tuesday, or A; the sixUi, or Sunday 
will be marked F : of course the dominical letter is F. 

QUESTIONS FOR EXAMINATION. 

1. How did the Romans reckon ? 

2. From what period did the Greeks reckon ? 

3. What are cycles 1 

4. What is. meant by the lunar cycle ? 

5. By what other name is the lunar cycle called ? 

6. How is the golden number found ? 
Give the example. 

7. Of what does the solar cycle consist ? 

8. How does the Christian sra correspond with the solar cycle 1 
Give the example. 

9. Of what does the cycle of the Roman indiction consist ? 

10. How do you find what year of the Roman indiction answers 
to any year of the Christian sera? 

Give the example. 

11. How is the Dominical letter found ? 



LESSON THE THIRD. 

EPOCHS AND iERAS. 

1. The Julian Period is formed by the combination 
of the cycles; that is, by multiplying the three numbers 
into one another: thus 19 X 28 X 15 = 7980, this is 
the number of years of which the Juhan period consists, 
at the expiration of which, the first years of each of 
those cycles will come together. 

2. The first year of the Christian eera corresponds, 
or is supposed to correspond, with the 4714th of the 
Julian period, which is 706 years before the common 
date assigned to the creation of the world. 
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3v To^find tSier year of the JvH^tt period eorreaqpoad* 
ing with any ^iten year befn'e or ««iic« the Christiail 
«era. Rule ; m the former case subtract the year (kooi 
4714, and the difference is the aanmr: m iStie iaom 
ease add to the yeair 47l3y aad the Mm wili be the 
year requited. 

Example ibr the present yew: IS^ ^ 4713 ^ 6^6S^ 
which is l^e year of the Julian period. 

4. Epochs and cetas may be thug est^ained: sh 
epoch' is a certfidn point generafiy determiiied by some 
remarkable e^eat from which time is reckoned, and the 
years computed from that period are denominated an 
QBra. 

Example. The birth of Christ is reekoacd att ep«ch : 
the years reckoned fron that etwot aie called the 
Christian sera. 

5. The most remartabie epoch is t^at of the crea- 
tion of the world y which is supposed to have happened 
4004 years before Christ. The present year is there- 
fore 4004 + 1839 = 5843rd year from the creation. 

6. The mveieal dekige is anothev q>och which is 
computed from the year of the world 165&, or rec- 
koned from the years before Christ, 2348. 

7. Two other eeras are used in sacred chronology, 
namely, " The call of Abraham,*^ B. C. 1921 , and the 
departure of the Israditee from Egypt in the year 
B.C. 1491. 

8. Sir Isaac Wewton has tnade use of the Argonautic 
expedition as an ^eck to ledcott from, which is sup- 
posed to have happened B. C. 1225. 

9. The destruction of Troy, B. C. 1183, and the 
«raof t^ Ol^^mpiadffy B.C/776, are epochs of con- 
siderable no^ in ancient history. 

Htfikb^-Ia «rd«r u» find ttk^ yetr of th« Olympiad, ov tb» yew 
of Rome, in which any event happened^ of w^ob w. know tio 
date ift yeai^ be£»re Chriat : we hara to oonaidoF that the ftrat 
Olympfiad toeb placo 776 yean before Christy and that Rome was 
founded 753 B. C Hence, we g6t the following, rules. To find 
the Olympiad : subtract the giren year before Christ from 776; 
divide the remainder by 4, md to the^ qfuotient ad4 1 l^tfM'^ev- 



Digitized by V^jOOQ IC 



103 

rent 0]fPipMd,aBd 1 for the eoneat y^9v q£ it* The l^tl^ of 
Gruucui w«ft fott^bt B. C. S3t^ llbeBaiai^ 

FfOA 776 

Wie aM 

111 (3 

That 18, the battle of Granicua, waa fought in the third year of 
the 111th Olympiad. 

10. The eefsi of Nabonassar n another standard to 
reckon from; this is thus denominated, from Nabonassar, 
the founder of the Babybman empire, who began his 
rcign m the year 747 B. C. 

11. The sera of the Seleoeidee is reckoned from the 
ea^abfishment of Sefeocua, ooa of Alexander V gen&mhkf 
m tiie empm of Babyktt, ^12 years B. C. 

12. The Christian eera is dated from the birth of 
Ghtwit, whkh is supfwsed to have hapqpened 4004 yeasrs 
afUf tli& CBealioiiy and 1839 y««ra hdbre the presaat 
period. 

13. TIte Hegira^ or Mahometan »ra, funded upon 
tito flight of A^ihomet from Mecca to Medina, to avoid 
his enemies, is computed for A. D. 622,, of course the 
the present year 1833 answeca to th^. year 1217 of Xb^ 
Hegiwu 

QyESriONS ?o& bxamuiaxiov^ 

1. How ift the JoUas period formed? 

i. In what way doea the Jillian period correspond with the 
Christian sraT 

3. What ia the rule for fielding the year of the Julian period 
which corresponds, with any § ivea jear hefove or si»ee the Chris- 
tian era? 

4. How are epeoha and anraa ez^^rined? 
Give the example. 

5. Which ia the most renarkahle epochs and what does the 
present year answer to» xeolwping from tba ereatioal 
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6. From what jean is the epoch of the deluge reckoned? 

7. What two other aeras are noted in sacred history ? 

8. What sera did Sir Isaac Newton make use of? 

9. What other epochs are of considerable note in ancient- 
history ? 

10. What is meant by the era of Nabonassar 1 

11. From what does the era of the Seleucide take its rise? 
13. From whence is the Christian era dated ?^ 

13. On what and when was the era of the Hegira founded ? 



ARTIFICIAL MEMORY. 

ON MEMORY AND MENTAL CULTURE. 

'* The capaeitiet and powers of the soul plainly indicate her excel- 
lency and her value.** — Jrchbitkop Tittotson. 

'* Amongst the vast majority of maukind, from the beginning of the 
world to the present hour, the mental faculties and the higher capabili- 
ties of moral and intellectual feeling, have been dormant, and unem- 
ployed.**— Qtfar/eriy Beview, No. 101. 

Memory can restore to its pristine disposition and arrange- 
ment all that we have ever felt, all that we have ever thouf^t, 
and of which no trace remains without us ; it can store up 
unnumbered ideas of the most dissimilar things, without con- 
fusion or mixture, for our future use ; it can contain withm 
itself the whole circle of arts and sciences, all that ancient 
and modem history teaches us of remarkable transactions, of 
the inventions and discoveries of mankind, ever augmenting 
this enormous stock of knowledge, and at all times delivering 
to us whatever is best adapted to our present purpose. 

Rogers thus beautifully apostrophises this noble faculty : — 
** Hail, Memory, hail ! in thy exhaustless mine. 
From age to age, unnumbered treasures shine I 
Thought and her shadowy brood thy call obey. 
And place and time are subject to thy sway 1 
Thy pleasures most we feel when most alone ; 
The only pleasures we can call our own. 
Lighter than air, Hope's summer-visions die. 
If but a fleeting cloud obscure the sky ; 
If but a beam of sober reason play, 
Lo ! Fancy's fairy frost-work melts away ; 
But can the wiles of art, the grasp of power. 
Snatch the rich relics of a well-spent hour 1 
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These, irhen the trembling spirit wings her flight. 
Poor round her path a stream of living light ; 
And gild those pure and perfect realms of rest, 
"Where rirtae triumphs, and her sons are blest I ** 

Pleasures €/ Memorf. 

Seneca says of himself, that by the mere effort of his na- 
tural memory, he was able to repeat two thousand words 
upon once hearing them, each in its order; though they had 
no dependence or connexion upon each other. After which 
he mentions a friend of his. Fortius Latro, who retained in 
his memory all the declamations he had ever spoken, and 
never found his memory to &il him, even in a smgle word. 
He also mentions Cyneas, ambassador to the Romans from 
Kin^ Pyrrhus, who in one day had so well learned the names 
of his n)ectators, that the next day he saluted the whole assem- 
bly and all the populace assembled each by his name. Pliny 
says, that Cyrus knew every soldier in his army by name. 
Dr. Wallis tells us, that, without the assistance of pen and 
ink, or any thing equivalent, he was able in the dark, by 
mere force of memory, to perform arithmetical operations, as 
multiplication, division, extraction of roots, &c. £c 

How noble are the occupations of the human mind I Of 
what heights of perfection is it not susceptible ! How many 
peat and astonishing things is not man able to execute with 
It ! He thinks and is conscious of it. He forms to himself 
dear representations of the things that are without him,^and 
can increase the number of these images without end. He 
compares his ideas with one another, judges of their har- 
mony or their contradiction, and combines them in thousands 
of various ways. He proceeds from known things to un- 
known, from the easy to the difficult; adopts principles, 
draws conclusions, concatenates these conclusions together, 
and is ever opening new prospects in the unbounded regions 
of truth that he Mfore him. Would he dismiss his ideas, 
they fly from his presence. Are they obscure, he spreads a 
new liffht upon them. Arei;hey vanished, he calls them back. 
With his understanding, man traces his own capacities and 
powers, and observes the rise, the progress, ana the varied 
combinations of his reflections, his propensities, and inclina- 
tions. To cultivate these capacities ana powers — ^these men- 
tal faculties — ^these capabiUties of moral and religious feel- 
ings'—is his first, his most sacred duty. 

The acquisition of knowledge is in itself a positive good;* 
the man who has his mind open to the perception of sur- 
rounding objects, and is led to inquire into and reflect on 
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their mUui i aaJ uwptitki^ hi* Midi at m Aat iMiabilities of 



hapraiets, has nweli flRClMF ehanee cMr vndtenlandmg and 
Iblfilliiig ihB dntbt of nis atatioii* than if Inroii^fat up in gross 
igBOEaiica, without erer having exercised his intellectual 
powers. 

*'Therei»BasitMftiflBiiilife'' ■yypa.rfsgawt fanato Mter, 
Mm 8hiMit» iii her taunpha of genuis. aad persaveiaBAe ^ a» 
hidi that Mat not» after all» o«iie itahigbeat en^ofmaoiUto 
Miagft with which the auad is eaoiMcteir;; thoe i»MMe m 
law, whidi nu^ not be shcai e d and reHaadr ftona tkm aaae 
aouree. lDde|knM[eiit of all imtWiif eenaideiatiou^ aa«ntil 
uui a ui t a; iwranabljr bestosv ai nch sewaid oa thra Tiiai^i^ 
m tibe feljght attendatit cm their cukivalaoB» and tiie tcm^ 
my oblivkm^ at ]eaat».Ql aUaaoDOuacareaiather^ ^ ^ 



1. .Artificial Memocy it a meUiod of ajMHstiiig tfke 
memory by fbrming certain words^ the ktteia of 
which, are made to gign^ the date^ erara, &c* to be t&> 
m^Dkered. 

d. The fisst five iwwda; aeiom refKeseaC, in ^Mtv 
ifttural order^ themMobers 1,2, ^, 4, 5, and from than 
certain di{^ah)0ag» are fimned ; diraa, a 1^>^^ P^ ^ i* 
and « for 5, av wiB sig;Biff 6 ; o standii^ for 4 aad u 
ibr 6^ therefore the dipj^ong otL stands for 9f. 

3. Certaitt conaonanta are used in the same way ; thus 
i and<f being the fint twe eonaonants^ sure put for 1 and 
% : tyfy Sy aad n^ as inkiids to the amral wocds^ MooA 
for iAm, ffur^ skty and nm». 

4. Fwe m re p t c s ent e d by I; semn hyp? eiffhi by A,^* 
and aira by ei, as the two nrst letters of t^e word. 

5* Ite Oy or ciph^» B represented by y and 2^ as the 
hat Towel and consonant of the alphabet. The |^ ie 
pranomiced broad likeipv 



• Itia t»te (Aserrcdfte £t«Md» Jbt ft^liMnae L. Bun»atwA»ftir 
ae : p ttaikdK for 7.. aa the wnphatfe letter i» ae:t^te«,. serea; A i 
iir cigltt. M Ae emidutle kttir in (hft Gke^ ww< Ibr e%^ 
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pWibllowing table ipQludes ^bi|t is necessary to be known. 
ftmhuMkf to^be-applicadon, and shoi^ W ouaitui Wg d tto i—wtfy. ! 
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iLLUsTHiixiOir. — la this tatJe it ift seen that m and ^. 
stand for 1 : o and / for 4i au and « for 6, and so on. 

€. Wheve many ciphers meet together, as 1,000, 
1^000,000, &c..then g stands for 100, th for 1,000, and 
m for miUicMi : thus ag stands for ]iOO„ ^ for 300^ a«& 
fa 1,000, and em for 2,000,000. 

7. The-kasnttr must next j^oceed to cembioe letteis 
ta answer to any given figures, or gombmatians of 
fig^es: 

Examples. 512 : 891 : 7(i0 : 404 
lad koub pauz fyf 

8. The same figures combined will admit of different 
constructions in tibe corresponding letters. 

Sbompiesr mm pM akhy ofh0 
99 : 77^ : I^IQ : 4004 
0101 o^ hemz fyt» 

[The applicatfon of tbe art witT be seen m fbe fbHowmi; exam- 
I^av, taken ehiefly ftom ^wi'% '" M eniori» TeofanicarO 

First EsEAHPLSr 

General epochal. — Memorial lines 

Or othf jy^etak Ah aneh Ex4/kie Tern hfhe CjtuU. 
Tr6y abeit Olym pois Rom put et JErmibiuksp^ 
PKl ido CkAt^e Atuf Diodes eko M4hom mbM Yes tuf. 

ExpUmation, 

B^.csrac 
The Cneatioft of tfce World [Cr. o^A/] . . 40« 

Tk universsd Dtrsge [Del etok] 2948 

The Call of Asraham [Ab aneb] 1921 
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B«f. Christ. 

Es^odus of the Israelites [Ex 6fnd] .... 1491 

The Foundation of Solomon's TEMple [Tern hybe] 1012 

Cyrus, or the end of the Captivity [Cyr uts] . 536 

The Destraction of [Troy oici^ 1183 

The First OLYMpiad[01ymjpow] 776 

The Building of RoMe [Kom put] .... 753 

^Ra of NABONASsar [^mabonas pop] . . . 747 
The ^HiiJppic cera, or the Death of Alexander 

[Philufo] 324 

The JErdL of CoNTRACts, or of the Seleucidse, 
called in the Book of Maccabees the JEra of 

the Kingdom of the Greeks [Contrac tad] 312 

The DiocLEsian Mm, or the ^ra of Martyrs a. d. 

[Diodes e^o] . . . . . 284 
The iEra of the Hegira, or F%ht of MAHOMet 

[M&hom audd] . . . . .622 
The -Era of YEzdegird, or the Persian Mra, 

[Yiz sid] . . . . . . 632 



Second Example. 

Roman History. — The foUowing hues give the dates 
when the kings of Rome began to reign; and the number 
of years which the regal and consular states lasted. 
Stat-reg dol Consular oso Rom put et Num paf, 
Hostil spy Anc sip Pris saf Serv upsque Super lid. 
Explanation, — The regal state under the seven kings 
lasted 245 years, Stat-reg dol. 

Consular state, 464 years, Consular oso. 

Romulus began to reign 
Numa Pompilius . 
Tullus Hostilius . 
Anais Martins 
Tarquinius Priscus 
Seryis Tullius . . 
Tarquinius Superbus 



] 


B«f. Christ. 


Rom put 


753 


'Snmpaf 


714 


Hostil spy , 


670 


Anc sip . 


637 


Pris saf . 


614 


Serv. ups 


576 


Super lid 


532 
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artificial mbmort. 109 

Third Example. 

The Twelve C<B$ar$, 

Juli 0$ August el Tiber hu Caligul ik CI od 
Ner ul C^lb-Otho sou Vit-Vesp oiz Tit pon 
Domit ha. 

Explanation. 

B«f.Clirut 

Julius Csesar began to reign . Juli o< . . . 46 
Augustus August el . 25 

An. Dom. 

Tiberius Tiber 6tt . 15 

Caligula Caligul U . 38 

Claudius Q\od . 42 

Nero Ner ul . 55 

^^ } Galb-Otho*(m 69 

I Vit-Vesp <W2 70 

Titus . . Tiipou . 79 

Domitian Domit ^a . 81 

Fourth Example. 

The regal table of England since the conquest, and 
some of the most remarkable princes before it. 

Memorial lines, — Casibe lud B6ad aup Vortig fos 

Heng/wZ et Arth laf. 
Egbe kek Alfre kpe Can bau Conies /e Wil-con sau, 

Ruf koi et Hen rag, 

Steph bil et Hens6c buf Ric bein J ann Heth das 

efEddoid 
Edse typ Edter tes Rise tSip Hefo toun tie^fdd que. 
Hensi fed Edquar fauz "Esi-R okt Hensep feil 

Henok lyn, 
Edsex los Mary lut Els luk Jam syd Caroprim sel, 

Carsec sok Jam seifWH seik An pyb Geo bo doi. 

N, B, After Canute, inclusive, one thousand is to be 
added to each. 
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no 

JEiSspbtiwHon, 

B«f.GMrt. 

CASiBELanus chosen commander of the Britons 
i^nst tlift mTaskm of Julius 'CeeBaor '{Ca- 

wSbeludi ^ 

Queen BoADicea, the British heroine, raises -an 

army and kills 7^000 Romans [Boad aup] 67 

AaChrkt 

ToRTioem, who invited the Saxons to the assist- 
ance of the Britons against the Scots and 

Picts [Vortig/o5] ........ 446 

HEVoist the Saxon, who erected the kindom of 

Kent, the first of the NeiJtarchy [Heng/uZ] 455 
ICng ARTHur, famous for his powerful resist- 
ance and victories over the Saxons [Arth /of. 5U 
EoBErt, who reduced the Heptarchy, and was 
fiik crownsd sole monarch of England 

[Eshekek] ass 

AxPREd, who founded the university of Oxford 

[Al^ekpe] B7a 

Cxinite the Dane [Can bau] 10}^ 

Edward the CoNPESsor [Confes/e] .... 1B42 

WiLliam the CoNq. [Wil-con sau] ^ Oct 14. 1066 

William RuFus[Rttfiboi] .... S^t. 9. 1087 

H£Nry I. [Hen rag] Jbtff. i2. IJOD 

STEPHen [Steph Ai/] ...... Dec, 2. 1136 

HEKry the SECond [Uenaeciuf] . Oct, 25. 1154 

Richard I. [Ric 6ein] July 6. 1189 

John [J ann] . April 6. 1199 

HEnry the Tiiird [Heth das] . . . Oct. 19. 1216 

Epward I. [Ed doid] Nov. 16. 1275 

Euvardus SEcundus [Edse typ] . . July 7.. 1307 

Envardus terUus [Edter tes] . . Jan. 25. 1326 

Richardus SECundus [Rise toip] . . June 21. 1377 

Henry the Fourth [Hefo toun] . . Sept. .20. 1399 

HEnry the Fifth [Hefi/4rfJ . . . JlfarcA20. 1412 

HENry the sixth [Hensi/crf] . . Aug. 31. 1422 

Envardus QUARtus [Edquar/oMz] . March 4. 1460 

Enward the Fifth \ n^ ,n « k*i J -^pril 9. 1483 

Richard m. / t^^-^^^^H Juiie22. 1483 
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Ill 

AfUChriit. 

HanricussEPtimtt{£[iBB%)>t;] . Au^^QfL 14/U 

HEKricos octttT, (Heaoc ^j « . J^M^SL IfOf 

£9imrdi»«Extii8 [Edittste] . « Jiott. dft. 1546 

Mart [Marr iKf] Juiy B. l$a 

ELi8abeai.[£2sii«4j Mfw. 17, 1558 

jAxes L [Jam syd] JfoivA S4. 1602 

CaroIus PtiiMns [OaFopamu^aZ] ^ JftnEc&:27^ flttS 

CARolii8«BCuiid]i8{»Cu9ec.soi^j . .. J^.SOl 1648 

Jamcs U. (Jam se^l ..... -Reft. ^ 1684 

Wniiam and Mary [Wil jo^ . . JW. i8. 1688 

Avne [Ami pyb] JUkrebig, ITat 

GEorge I. [Geo Ac^] . ..... Jlf^:. 1. 1714 

GEorge IL [Geo tec <2oi3 . . . Jum ill. 1727 

Fifth Examflb. 

K^hroMlogiccd mbcellanies since 'the GanqmeA, 

Memorial lines, 

God-bul nau Chart ed laqius dM Tyl:i^ •C«&^. 
Comp (U2e Gump a(/o Prin itfim actqae Odbm^n^. 
Mnr-luth lap Prot o/en Smaloal ikKz; XfetHcbc^^MBZ/u. 
ll«»-par a/oic^ Un-p iosn Sj»-in ieife i^wdv^rf 1&> 

sanel sop. 
Crom «jt Jamaic aui/ Crom-oior guk 'OBeptM, QAuktpz^ 

N. B. A thousand is to W added, asaivve, where 
it knot expressed. 

JSxputnaffunu 

Aft Christ 

Jerusal^n regained from the Tuvks, aad GikdIi^ 

of BuiJoigne made king of it [Gadluil nmt^ 1099 
Hie iNQUisition first erected against the Altai- 

gCQses [Inquis ded] « 1222 

The Confirmation of Magna CiiARxa by King 

Henry JH. [Chart «ef] ...... 1^25 

Wst Tva^r's vebelKon vuppressed [Tyl ito] . 1381 

fade C4at£^Yebdliion>8uppe80ed [Cade ^] . 1450 

%e manna's CoMi^ass ibond oat '[Ck)Dip atz&\ 1 302 
QuMiF^Krder im^nted in LGermmy hy« monk 

\[Gxuxp4f^] 13^ 
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112 ARTIFICIAL MEMORY. 

Aft. Christ. 

The Invention of PRiKting [Prin a/on] ... 1449 

Christopher CoLUMbus, a native of Genoa, dis- 
covers Cuba and Hispaniola [Colum bant] 1493 

MARtin LuTHer begins to preach in Germany 
against Indulgences, and other errors of the 
Church of Rome [Marluth lap] . . . 1517 

The name of PRorestants first b^an on occa- 
sion of the protestation the Lutherans made 
against a decree of the Chamber of Spire 
against them [Prot alen] 1529 

The SMALCALdan League, or agreement made 
between the Protestants of Germany for 
their mutual defence at Smalcal [Smalcal 
hz] 1540 

The Council of TuENt began Dec. 13. [Tren-dec 

at-alfu] 1545 

The MASsacre of Protestants at PARis [Maspar 

aUnd] 1572 

The UNited provinces, under the protection of 
William Prince of Orange, throw off the 
Spanish yoke [Un-p loin] 1579 

The Spanish iNvasion [Sp-in leik] .... 1588 

The GunPOWDcr treason [Powd syl] .... 1605 

The £unous rebellion at Naples, on occasion of 
the grievous excises, headed by Mas- 
SAVEiJo [Massanel «op] . 1647 

Oliver CromwcII usurps the government of Eng- 
land, under the name of Protector [Crom sli] 1 643 

The island jAMAica in America taken by the 

English [Jamaic aull] 1655 

CROMwdli MORS [Crom-mor suk] .... 1658 

GiBRAltar taken by the English [Gibra pzo] . 1704 

Artificial memory may be applied to any circum- 
stance in which the ready recollection of numbers is 
expedient and usefiil. As an example: suppose I ride 
from the City to Fulham by the City-road, Paddington, 
&c.y and wisn to remember the check numbers given at 
ihe turnpikes without the trouble of tickets. If the 
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lis 



numbers are as follow, then the adjoining words will 
assist the memory, 



Old Sfreet turnpike . . 


763 


Old St oisy 


City Road .... 


95 


Cit nu 


BATtle Baidge . . . 


540 


Bat Br ufy 


PADdington Road . . 


889 


PadAein 


EDGEware Road . . . 


39 


Edge tn 


Hyde Park Comer . . 


. 481 


Hyde P oka 


FuLham Road . . . 


. 27 


Fulcp 



QUESTIONS FOR EXAMINATION, j 

1. What is artificial memory ? 

2. What do the vowels represent, and what nnmhers are the 
diphthongs put for, and why ? 

3. How are the consonants used ? 

4. Which are the other consonants used ? 

Why do I, p, and k stand for 5, 7, and 8 ? See note, 

5. What do y and z represent 1 
Explain the tahle. 

6. What does g, th, and m, stand for? 

7. Give some examples of the comhinations of figures by letters. 

8. Give some instances to shew that the same figures and com- 
binations of figures may be expressed by different letters. 

Repeat the lines containing the general epochas. 

Repeat the lines containing the regal state of Rome. 

Repeat the lines which include the dates when the twelve 
Cesars began to reign. 

Repeat the lines containing the regal table of England. 

Repeat the lines containing the Chronological Miscellanies 
since the conquest. 
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MYTHOLOGY. 



on THE IDOLATRY OP MAKKIKD. 

" In deifying the things of nature and parts of the woild, thejr called 
every thing by the name of Ood, and God by the mame of every 
thing. •'—Pr.* Cudworth, 

** They changed the glory of the unoormptible Ood into an image 
made like to corruptible man, and to birds, and to four-footed beasts, 
and creeping things.*' — The ApottU Paul. 

Let 118 consider the history and ext«nt of idolatry. It is 
necessary that we should do so, to understand, appreciate, and 
apply the following lessons. The communications that were 
repeatedly made to men, concerning the perfections of God, 
and the way of salvation through the promised Dehverer, must 
have preserved the human race, during the earlier ages of the 
world, in the knowledge of the living and true God. Though 
superstitious practices may have prevailed hefore the flood, it 
does not appear that idolatry, strictly speaking, had existence 
till some centuries after that catastrophe. It is probable that 
it began in the adoration of the heavenly boclies, the sun, 
moon, and stars ; as we find in the early period in which Job 
lived, that &ey were recognised as objects of worship. *' If 
I beheld the sun, when it shined, or the moon waUcii^ in 
brightness ; and my heart hath been secretly enticed, or my 
mouth hath kissed my hand ; this also were an iniquity to be 
punished by the judge, for I should have denied the God that 
IS above. — Job xxzL 26, 28. 

The 8|dendocir and usefulness of ^ sun, and moon, led the 
Chaldeans and Assyrians, among whom their worship began, 
to regard them as peculiarly manifesting the divine goodness. 
It is supposed that a further step, in tms species of idolatry, 
was the adoption of the notion, that the heavenly bodies were 
either inhabited by superior intelligences, or were themselves 
living beings, and exerted something like a mediatorial influ- 
ence with the deity. They were at length fiilly deified ; and 
those who retainecl any idea of the supreme God, thought him 
too far above them to be the object of devotion. This wor- 
ship of the host of heaven prevailed over a great part of the 
world, both in ancient and in modem times ; and has not 
been confined to any stage of civilization, or to any rank in 
society. 
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Anotber species of idolatry, and which probably began at 
an early period, was the worship of deified mortals. It is not 
unhkely that of these Noah was the first. The traditions res- 
pecting a man who, on account of his eminent piety, had been 
deUvared from the deluge, that had swept away the human 
race, and had been preserved by a miraculous interposition 
to be the father of mankind, would lead posterity to reverence 
him, and, as ignorance increased, to adore him. They would 
soon associate others with him in this honour, who had been 
the inventors of things useful, and necessary to hmnan life, 
and who had been benefactors to the nations. Being thus 
exalted to the rank of gods, they had those attributes as- 
cribed to them, and that reUgious homage paid to them, which 
belong only to the true and living God. The Greeks, and 
Bomans, and other pagan nations, raised the chief of their 
idol deities, to the place of the Supreme Divinity, and repre- 
sented their Jupiter, to whom the poets ascribed indecent ac- 
tions, as the Mber of gods, and king of men, and as exercis- 
ing universal dominion. 

The natural consequence of deifying men, and of regard- 
ing one distinguished individual as their chief, to whom they 
ascribed the titles and attributes of God, was, that their deities 
were represented as possessed of divine excellences, and of 
the base passions and vices of mortals. What must have been 
the state of morals, when among the multitude of the gods 
there was not one of whom some scandalous thing might not 
be related, and when even Jiq>iter, their head, was guihy of 
actions that ought not to be so much as named ? 

They advanc^ however in their idolatrous worship still far- 
ther than this. They constituted the images and hieroglyphic 
symbols of their deities gods. The sun and the host of heaven 
were not always visible, and as they imagined fire denoted 
them, they gave to this element, in sevend eastern nations, 
divine homage. Many of the lower animals, which were at 
first, perhaps, used as signs or emblems of the wisdom, power, 
or goodness of God, became objects of worship. Thus the 
Egyptians placed the sheep, the goat, the hawk, the crocodile, 
the cat, ana dog, amon^ the number of their ^od's. The veiy 
statues and images which were raised to their deities shared 
divine honours with them. This was not done among the 
rude and the savage merely, but by the Athenians and 
Bomans, nor is there a stronger proof necessary of the length 
to which this species of idouutry was carried at Athens, than 
the circumstance which ii recorded of Scipio the philosopher. 
He was brought before the tribunal of the Aieopagus for saying, 
l2 
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that the statue of Minerva was not a ^od: and though 
he endeavoured to defend himself hy allegmg that it was not 
a god but a goddess, he wa^ commanded to leave the city. 
Thus they began to ascribe divine excellencies, and to pay 
divine honours, not to persons merely, but to things : so tnat 
innumerable objects of nature were, on one ground or the 
other, personified and deified. Nay, so entirely were " their 
foolish hearts darkened," that they constituted the abstract 
ouahties of thines, gods ; and in their proneness to polytheism, 
they extended this honour sometimes to pernicious, as well as 
to useful, properties and affections. They erected temples, 
and gave religious homage to the gods of fortitude, health, 
concord, victory, liberty, and the like. The passions, the dis- 
eases, fears and evils, to which mankind are subject, were dei- 
fied, and had fanes consecrated to their honour. There was 
scarcely any thing in nature, however monstrous, but some 
heathen nations worshipped as a god. 

Hence the multitude of their gods was endless : gods 
celestial and terrestrial, who presided over distinct tribes, and 
cities, and groves, and rivers, and fountains. There they 
ranked in various orders, but they conceived that to all of 
them religious worship was due. Even to those of them 
whom they regarded as evil beings, they gave divine honours. 
Plutarch, a highly respectable philosopher and historian, 
mentions certain festivals, and sacrifices, in which some revolt- 
ing rites were practised, instituted for the pleasing of evil and 
muignant demons, and averting their wrath. The same fact 
is attested by Porphyry, who distinguished himself as a bitter 
enemy of Christianity : and the testimony of both affords a 
comment on the assertion of the Apostle, that " the things 
which the Gentiles sacrificed, they sacrificed to devils and not 
to God." The extent of idol worship, and the similarity of 
the system of idolatry, in all the countries in which it has 
been practised, are truly amazing. 

What is the nature of Idolatry? — ^I answer thus: — Idolatry 
consists either in the worship of God through the medium of 
visible symbols, or in ascribing divine excellence to idols, and 
giving them religious worship as gods. It has been main- 
tained by some learned men, and especially by Dr. Cudworth, 
that it was in the former way only that idolatry prevailed over 
a great part of the heathen world ; and that, under the 
names of heathen deities, the hving and true God was wor- 
shipped. It is highly probable, if not certain, that idolatry 
took its rise in this way ; but it is very certain also that 
the worship, which might originally have been intended for 
the true God, and addressed to hmi through the idol^ was 
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formerly paid to the idol itself. So much was this the case, 
that the notion of the true God, as there is the most ample 
evidence for believing, was almost obliterated, during many 
ages, in the heathen world. They literally constituted innu- 
merable objects in nature, and the works of their own hands, 
the gods whom they worshipped. Mankind peopled every 
region with false deities ; among whom they divided the go- 
vernment of the world ; some of whom were deemed supreme 
in their several districts ; but all of the same nature and kind. 
In this way they " changed the truth of God into a he," The 
whole aystem, described and detailed in the following lessons, 
was a practicid falsehood on the being, power, wisdom, and 
goodness of God. At Athens, and stiU more at Rome, whose 
policy it was to give a place to the deities of the nations 
whom they conquered among those of the empire, you be- 
hold a most refined people, paying divine homage to repre- 
sentations of God, tne most foolish and false. 
. The whole system of the Mythology of the heathen, with 
all the cruel and impure rites of which the worship it involved 
consisted, was framed so as to strike the senses, and adapted 
to the human mind in a state of utter darkness and depra- 
vity# In their rehgious festivals, which were celebrated in 
honour of their gods, their deities were represented as per- 
forming the most immoral actions. These actions were as- 
cribed to Jupiter, the chief of their deities, as well as to the 
mferior gods. The same gods, as St. Austin observes, were 
laughed at in the theatres, and adored in the temples. Rites 
the most foolish and immoral were used in their worship, 
which were prescribed by the laws, established by custom, and 
countenance by the magistrates. The o£fering of human 
sacrifices, which appears to have been general over the pagan 
world, was one of these. That it prevailed among the Britons, 
Germans, and Gauls, we are assured by the testimonies of 
Caesar and Tacitus. Among the Romans this inhuman prac- 
tice prevailed so late as the time of the Emperor Adrian, 
A. D. 117. Nor can there be ^ven a more revolting proof 
of its prevalence among this distinguished people, than that 
when Rome was taken by the Gaids, the most advanced in 
age and honour gathered themselves together, in the Forum, 
and after being devoted by the pontiff, consecrated themselves 
to the infernal gods. In Mexico alone, it has been supposed 
that not less than twenty thousand human beings were an- 
nually sacrificed. In some nations, numerous imants were 
devoted to destruction, in honour of th^ir god Moloch. 
In addition to this most inVinmim practice, there were othei? 
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cniel rites used in the wonbip of the gods, llie priests of 
Baal, as we learn from the first hook of Kines, eh. xviu. 
21 — 24, '' cried alond, and cut themsdves after their nuamer, 
with knives, and lancets, till the folood ffnshed oirt upon them.'' 
At Sparta they whipped hoys often tiU they ^ed on the altar 
of the goddess Duma. This ia not the place to notice the 
indecent and immoral {nractices, which were observed over 
the heathen worid, and especiidly in the eivilized natimis, in 
honour of their gods and eoddesses. But these practices^ 
tc^gether with the gross and general depravity of manneni 
which the lystem w idol wmrship produced, fumidi an ^te* 
tration of the Apo^e's statement, in the 1st chapter of the 
Romans, v. 24, ** wherefore God also gave them np to imdean- 
ness, through the lusts of their own hearts^ to dia^onoiEr 
their Own bodies between themselves.'' 

The grossest impurity of manners, tiie violation of eveij 
precept in the decalo$pie, was sanctioned l^ eustcnn, if not 
enjoined by law. Thert was permitted m Egypt and in Sparta. 
Infants that were weak, or imperfect in form, were exposed 
and put to death, by the authority oi the legi^itor Lycnrgus. 
Humanity, in the sense that we understand that term, was in 
a great measure unknown. There was no raovision made for 
the poor, the destitute, and the helpless. Nor is the aecount 
whidi has been transmitted to us, by the page of histcxy, 
of the sensuality and depravity that pervaoed the heathen 
world, different from that which is recorded by the Apostie 
Paul in the conclusion of the first diapter of the £pi^ to 
the Romans. '' Even as thcnr did not like to retain God in 
their knowledge, Qod. gave them over to a reprobate mind, to 
do those things which are nc^ convenient; oeing filled with 
all unrighteousness, fornication, wicke&M^, eo^tonsnessy 
maliciousness ; full of envy, mmrder, debate, deceit, mahgmty, 
whisperers, backlHters, haters of God, despit^ul, proud 
boasters, invantors of evil things, disobe^enl to parents, wkh- 
otkt understmding, covenant breakers, without natwral affec- 
tions, imi>laeaMe, unmerdlul." — ^What a picture ! 

The philosophers and lerislators of antiquity, were the 
supporters and patrons of icblatry. — ^This I will demonstnte* 
I know that the eontraiy is asserted. It is allied, that they 
were not idolaters themselves, thi^ their doetnnes to a ccm* 
siderable extent counteraeted the tendency of idoktiy, and 
thi^ the mysteries, which w»e so generally ettahliBheo, and 
to which the imtii^ed only were admitted, were expressly de- 
signed to {H^serre the knowledge of the true God. I AsSL^ 
prove that these siqpposition^ are milbimded. 
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Ifc most be ac lmm e d in tiie ooteet that they wve placed in 
circumstances in wliich^ whatcrer might have beoi uuir own 
Tiews of truth and dutj, they had it little in their power to 
influence effectually the notions of the multitude. They 
wanted the sanction of divine authority to enforce their in- 
structions ; they wore not the airtboriied ministttn of religion^ 
on whom it devolved to explain the doctrines reUiting to Uie 
gods and to their worship ; their opinions^ besides, on these 
matters were so obscure^ and so much at variance with each 
other, that their efi^ct, had they been omnmunioatod beyond 
the walls of the schools, eould only be to bewilder, if indeed 
they had any efleet whateva*. They therefore despised the 
people as incapable of understanding their speculations, or 
of profiting by them. ** Philosophy, to use the language d 
the most eminent of their number, is content with few juc^es; 
it designedly shuns the multitude^ and is by them suspected 
and dislSced ; so that if any man riiould set himself to vilify 
1^ ph^osophy, he might do it with the approbation and t^p' 
plause of the people." Philosophcts, aooordingly, so fifamed 
the vehide in which their instructions wore eonveyed, and in 
ffeneral so wrapped the doctrines of divine things in £id>les, 
uiat they proved of no use in enlightening the peo||^. With 
the exception of Socrates, who admited a more luniliar strain^ 
their professed aim was, not the religious and moral improve* 
ment of mankind, but the exerdse and display of thenr own 
genius, and the gratificaticm and applanae of a few learned 



Scepticism and Atheism, in Greece and Borne, kqit pace 
with the progress of philosophy, and the world was scmiewhat 
advanced before speculative men began to ccmtvovert, or 
deny the existence and agen<^ of God. Aristotle mentions^ 
that all the pUkwophers before his time assarted, that the 
wwld was made by a Si^vreme Being ; and conseaMCBtly, that 
they believed in the existence of an intelligent Creator and 
Governor of aM things. Yet, after hi& time, we know th«t tke 
most thorough scepticism in regard to this, fundamental doe* 
trine of all religion was entertained by men of science and 
lett^s. From pmdentnl consideratioiM^ they attempted to 
ecmceal horn the multitude the real nature and tendency oT 
their atheistical roeeuklioas and sdMoiea^ by pretending a 
regard for the gods, and for ^eir worship; but the eovermf 
was so transparent, thai the impositaon oould not have sue*- 
ceeded, had not the people hem immersed in uneoncdvable 
%norance. 

When the Romans iuqportcd the philosophy of Greece, 
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they, at the same time, imported the scepticism, and atheism, 
that attended it. Intent upon conquest and military glory, 
in the earlier periods of their history, they remained unac- 
quainted with science till near the aecline of the consular 
government. While their greatest men employed their powers, 
not in speculation, hut in studying the arts of war, they pro- 
bably never questioned the divme origin of their worship, and 
considered themselves bound to yield a conscientious obedience 
to the civil and religious institutions of their country. During 
the first hundred and seventy years of the commonwealth, 
they strictly observed the law of Numa, which forbade them 
to make any image, or statue of the divine bein^, in the form 
of man or beast, and tausht them that it is impious to repre- 
sent things divine by what is perishable, and that we can 
have no conception of Ood, but by the understanding.* But 
in proportion as they became a literary peo])le, by their in- 
tercourse with the Ghreeks, were their idol deities mdefinitely 
multiphed, and their learned men atheistical in their opinions, 
and immoral in their practice. ' 

But it will be said, that there were philosophers, both in 
Greece and Rome, of juster views and a purer character, who 
entertained the sublimest sentiments, concerning the being, 
attributes, and providence of QoA, It can be shewn, however, 
that they, in place of enlightening and improving the people, 
gave the sanction of their example and their names m con- 
firmation of the established idolatry ; and so mingled truth 
and error together, as to become the efficient supporters and 
advocates or idol worship. The most enlightened of them, 
not excepting even Socrates, spoke of the divinity, — and that 
to their disciples, when we should expect the greatest accu- 
racy, — in the plural form : — ^they represented the gods as the 
creators, preservers, and benefactors of mankind, as seeing 
and hearing all things, and as being every where present : 
and thus I think clearly proye, that they understood the diyine 
nature to be peculiar and appropriate, not to one god only, 
but to many gods, who in common possessed it, and to whom 
the titles and the character of the Divinity belong. 

Their yiews of the Divinity, besides, were such as could 
not fail to encourage, if not apparently to justi^ the people, 
in giving religious worship to a multitude of ^ods. Without 
alluding to afi their erroneous opinions on this subject, there 
was one, which more than any other, seemed to make idolatry 
a duty, and furnished the most plausible arguments in its 
favour, namely that the smU of the world is God, This 
* Plataroh in Noma. 
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opinion was very general among the heathen philosophers, and 
was the chief ground of the polytheism of the whole pagan 
-world : concluding, as they did, that because God was all 
things, and all things Ood, he ought to be worshipped in all 
the parts and objects of nature. The Stoics in particular 
were most strenuous supporters of this tenet, maintaming that 
the mind which governs the world passeth through every part 
of it, as the soul doth in us : or, as the poet has expressed it — 

'* All are but parts of one stupendous whole. 
Whose body nature is, and Ood the soul ; 
That chang'd through all, and yet in all the same, 
Oreat in the earth as in the ethereal flame, 
Wansa in the sun, refreshes in the breeze, 
OIows in the stars, and blossoms in the trees ; 
Lires through all life, extends through all extent. 
Spreads undiTided, operates unspent.'* 

In conformity with this doctrine, we find some of the Stoics, 
"afiter proving the existence and providence of God, from the 
beauty and order of the works that are made, gravely main- 
taining that the world is an animal, reasonable, wise, and 
happy, and therefore is God. I may pause here to remark 
that 1 am far from intending to brin^ against the poet whose 
lines I have quoted the charge of Spmosism, and rantheism. 
I have quoted his lines, because they are susceptible of fur- 
nishing an illustration of the doctrine of the ancient Mimdi, 
to those who are acquainted with it. To return, how- 
ever. On this principal, whatever parts of the universe they 
chose to deify, were parts of God, and therefore entitled to 
rehgious worship. They themselves, also, and their fellow- 
creatures, were parts of the divinily a notion which tended 
to produce that pride and self-sufficiency, for which the Stoics 
were so highly mstin^;uished. On this absurd, but to minds 
darkened and vain m their imaginations, most plausible 
ground, did the wisest and the best philosophers of antiquity, 
advocate the system of polytheism and idol worship; a 
system which is so totally at variance with what we deem the 
light of nature which was composed of rites, foolish, indecent 
and cruel; and which sanctioned the grossest Ucentiousness 
and immorality. 

The history of the ancient world does not furnish us with 
a single example of a philosopher who attempted to turn 
men from the worship of images, statues, and dumb idols, 
to that of the Hvine and true God. The accusation with 
which Socrates was diarged, and which led to his condemna- 
tion and death, was not, that he dissuaded the people from 
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wonhippiiig the god, appobted by law, buithafc lie 1 
did not esteem those ^ods which the city of Athena legpidtd 
as such, and that he introduced other new go«hL It ia nmh 
tifying to relate, that this great man» on the day oi his duttth, 
allud^ to a hymnwhidi he had composed in hiapriiMk4ioiiae 
to the idol ApoUo. 

When we remember that the uynUm of idolatry whidfe I 
have described, was interwoven with the oonstituticMi of eveqr 
government in the world but one, and therefore had the 
power of the prince, and the magistrate in its support, — that 
it had the aid and the influence of a priesthooa, that was 
neither unconcerned nor disinterested in its continuance — and 
that the whole of mankind were its auxiliaries in the feelinss 
of veneration for that st^sposed laactity whidi it awakened, 
and in the base md potent passions ror whidi it furnished 
gratification, we may lorm some feeble conception of the ex- 
tent of that darkness that covered the earth whoft onv Loii 
Christ appeared^ and of the " gross daikness that CQiT«ce4 tikt 
peqOe/' 



LESSON THE FIRST. 

OBIGUr AHD P&OORESS OF HYTHOLOOT. 
CUINESS MTTBOLOGT« 

1. Mythology is a word derived from the Greek, aig- 
nifying any kind oi fabulous doctrme; but m a moce 
eonfined sense it means those &buloH» stories conotn* 
ing the objects of worship, whidi vere iniented by mot 
who Hved in the early ages of the wm\d. 

2. Fable or fiction is a creature of the hmnan imagin- 
ati<m^ and derives its birth from the lore of the mar- 
rellous. 

Illustration. — The common appearances of Batiae» 
which are perpetually occurring^ are too obyiottt^ tuak* 
liar, and uninteresting, either to gratify curuMuty or eis* 
cite wbmcactioii ; but when by a hvel j imagiiiation they 
ure new modeled, diversmd, and embdKshed, tiiey 
generate admiration, and other sensations that intere^ 
the mind : of these, legislators and public teacheis, in 
the early ages of society, took a due advantage* 
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9. Tbe legislator employed fable and fiction as a 
means of civilizing a rude tmpolished world : the {^u- 
losopher, the theologist, and the poet^ made use of the 
same vehicle to convey their maxims and instructions to 
the vulgar. 

4. Ahnost every nation has had its peculiar system of 
mythology ; but the Orientalists^ who had ever a propen- 
sity to personification^ have most distinguished tniem- 
selves in this way. 

5. Mythology was first reduced to a system by the 
pagan priests m Egypt, who were the depositaries of 
teaming as well as of religion^ and who monopolized the 
arts and sciences. 

6. Fables and Mythology are the tales of former 
times ; and they cannot prevail to any extent, till the 
authentic traditions of a people are in a good measaio 
lost, or adulterated by the inventions of men. 

7. Hence the Chinese and Egyptians, the two most 
ancient nations, were altogether unacquainted with fa- 
bulous details in the very early periods of their monar- 
chies. 

8. By the Chinese mythology, Fo, Fohe^ of Fohi, 
the founder of their empire, was bom in a supematural 
masner, and was inspired by heaven with knowledge 
which qualified him to teach all manner of arts and 
sciences. 

9. Of ConfuciuSf they say he was not bom as other 
men, and that he was able to speak and reason most 
profoundly as soon as he was bom : a similar fable is 
given of Lao^kiun, 

10. The worship of Fo was transplanted from India 
to China, not a century before the Christian sra, by an 
ambassad(Mr who was sent to inquire into the true religion, 
which an ancient tradition told them, was to come firom 
tlittWest. 

11. The god Fa, being in high reputation in India, the 
ambassador collected several images of him, and the 
canonical books of the Hindoos, and transported them 
to his own comtry ; be carried likewise with him the 
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doctrine of the transmigration of souls. Hence sprung 
the fables of Fo, and aU the mythology of China. 

QUESTIONS FOR EXAMINATION. 

1. What is meant by mythology 1 

2. From what does fable derire its birth ? 
How is this illustrated ? 

3. By whom and for what was fable employed 1 

4. Who most distinguished themseWes in dieir system of my- 
thology I 

5. By whom was mjrthology first reduced to a system t 

6. What is necessary to the preyalence of mythology ? 

7. What is the inference from this and from fact ? 

8. What does the Chinese mythology say of their founder Fo, 
or Fohi? 

9. What is said of Confucius and Lao-kiun ? 

10. From whence and how was the worship of Fo brought to 
China? 

11 . In what way were the doctrines and fables of Fo introduced t 



LESSON THE SECOND. 

HINDOO, PERSIAN, EGYPTIAN, AND PHOENICIAN 
MYTHOLOGY. 

1 . The Hindoo mythology is much connected with 
the castes, into which their nations have been divided 
from time immemorial : their fables relate to the origin 
of the universe, to the general deluge, &c. 

2. Fo, the god to whom the Hindoo mythology is 
traced, was miraculously bom, and at thirty he b%an 
to promulgate his doctrines, which extended all over 
India, and a great part of Asia. 

3. His principal doctrine was that of the transmigra- 
tion of souls, which gave rise to a multitude of idols, 
in the shape of men, quadrupeds, birds, reptiles, &c. 

4. The mythology of the Persians supposes the world 
to have been repeatedly destroyed and repeopled by 
creatures of different formation, who were successively 
annihilated for their disobedience to the Supreme Being. 

5. The Persian mythology relates chiefly to the ex- 
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p oits of Tahmuras, one of their ancient kings, who 
attacked, vanquished, and carried off the giant or demon 
that opposed the happmess of his country. 

6. The battles, labours, and adventures of Rostan, 
another Persian chief, are likewise celebrated by the 
Persian bards, m a similar way to that in which uie la- 
bours of Hercules have been sung by the poets of Greece 
and Rome. 

7. Persia is said to be the genuine classic ground of 
Eastern mythology, and the source of chivalry and ro- 
mance, from which they were propagated to the northern 
and western parts of Europe. 

8. In the Egyptian mythology the revolutions of the 
heavenly bodies are confounded with the reigns of their 
most early monarchs. 

9. Hence the mcredible number of years included in 
the reigns of their superior gods who filled the Egyptian 
throne, to whom succeeded twelve demi-gods, who like- 
wise reigned a considerable time. 

10. The imaginary exploits and adventures of these 
gods and demi-gods iumished an inexhaustible fund of 
mythological romances. 

11. The wars, adventures, and exploits of Osiris, 
Oris, Typhon, and Isis, and tlie transformation of the 
gods into divers kinds of animals, are the foundations of 
Egyptian mythology. 

12. Objects animate and inanimate were athrst con- 
secrated as the visible objects of the deities, and after- 
wards they were worshipped as deities. Thus Jupiter 
Ammon was represented under the figure of a ram ; 
Apis under that of a cow ; Osiris of a bull ; Pan of a 
goat ; Thoth, or Mercury, of an ibis, &c. 

13. Thoth, or Mercury Trismegistus, is thought to 
have been the inventor of this system : and he is repre- 
sented as the author of letters, and all the branches of 
science and philosophy. 

14* The Phoenician mythology is built on the details 
of the fabulous adventures of Uranus, Cronus, Dagon, 
Thoth, &c. The Phoenicians have also deities answer- 



Digitized by V^jOOQ IC 



IdS ifVT«oiiOGr« 

ing to the PkUo, Vulcan, Esculapius, Neptme, VeDM^ 
MinenrEy and all the Titaas of the Greeks. 

QUESTIONS FOB EXAMINATION. 

3. With what is the Hiiuloo mjUiologj conneeted, and to 
wliat do their fables relate ? 

2. What account do they give of Fo ? 
S. What was his principal doctrine \ 

4. Upon what is the Persian mythology founded T 

5. To what does it chiefly relate t 

6. To what other hero do the Persian poeta refer t 

7. How is Persia described with respect to mytholo^ 1 

8. With what are the reigns of the Egyptian kmgs coafoonded? 

9. What is the inference drawn from this ? 

10. How were the exploits of their gods applied ? 

11. What was the foundation of the Egyptian mythology ; 

12. By what means did animate and inanimate things become 
objects of divine worship ? 

13« Who is the supposed inrentor of Egypttian mythology, end 
what beside is ascribed to bhn ? 

14. On what is the Phoenician mythology built t 



LESSON THE THIRD. 

GRECIAN AND &OMAN BiTTHOLOGT. 

1. Hie mythology of Greece is fumiidied diiefly by 
the adventures of Jupiter, Juno, Minerva, Neptune, 
Venus, Mars, Vulcan, and Vesta ; Apollo, Diana, Ceres, 
aiul Mercury, who represented personages that had been 
beneficial to their country. 

2. Hie foibles and irailties of deified mortals were 
transmitted to posterity, and incorporated with the at- 
tributes of the deity : hence the mixture of the mighty 
and mean which cnequers the characters of the heroes 
of the poets of antiquity. 

3. Besides the twelve deities aheady mentioned, and 
who are called the superior gods, there were the second 
and third classes of gods, and a multttude of others of 
inferior dignity. 

\Wt siuiU only mnOkn the twthe superior Mtiis.] 
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4. Ji^iler, the most pow^fiil of the Grecian gods, 
^HAS 8on of Sfttnm sad Cm, and havnig delmred his 
iadMr from the tyraimy of the Titans, became at last 
master of the empoe of the wodd, which he divided 
with his brothers ; reserving heaven for himself, he gave 
the sea to Neptime, and the infernal regions to Pinto. 

5. Haivmg OTercome his en^nies he gave himself over 
to ati mamier of f^easures, but notwithstanding his licen- 
tiooB oondnct, he Obtained amversal homage ai^ worship. 

6. He is represented as sitting on a golden or ivory 
^sone, holdsD^ m one hand thmiderbolts ready to be 
innied, and m die other a soeptre of cypress ; these re- 
presented his power and its durability : the eagle at his 
feet with outstretched wings is emblematical of his 
sm^ereignty over the heavens, 

7. Jupiter was the king and &dier of gods and men, 
his power extended over the deities, and every thing 
shmL being, «xo^ the Fates, were subservient to his wilL 

8. Jono, the sister and wife of Jupiter, is femous for 
jenkyiisy, her implacable anger, and her quarrels with 
her hu^and : she is represented as seated on a throne, 
holding in her hand a sceptre, wearing a crown, or having 
her h^ encircled with a raidbow : as an attendant, she 
has her fiivourite peacock. 

9. ^be presided over empires and riches, and was 
iMHcshipped with solenunty : she was regarded as the 
protectress of married women, who invoked her under 
the name of Juno Lucina. She had three children, viz. 
Hebe, Mars, and Vulcan, his was her chief attendant. 

10. Minerva, the goddess of wisdom, is said to have 
sprang from the head of Jupiter, and was the patron of 
the arts : she is emblematical of wisdom, prudence, 
and the other virtues. 

, 11. She is represented as a beautiful woman, armed 
with a golden helmet and breast-plate : in her right hand 
is a lance, and in her left is a buckler called the .£gis, on 
tiib is embossed the Crorgon Medusa's head, encircled 
by snakes, instead of hair. The cock and owl are em- 
blems of her valour, and of her propensity to meditation. 
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12. Neptune was worshipped as the god of the seas : 
he is represented as standing erect in a chariot, formed 
of a vast shell drawn by sea-horses ; clothed in an azure 
mantle, and holding in his hand the trident which com- 
manded the waves. 

13. He was ruler of the waters, and held dominion 
over all maritime business : his most remarkable child 
was Polyphemus, one of the Cyclops, a giant who re- 
sided in Sicily, and devoured all those who fell into his 
hands. 

14. Venus, the goddess of love and beauty, is said 
to have sprung from the froth of the sea, on the surface 
of which she was wafted along in a shell to the foot of 
mount Cythera. 

] 5. On the sea she is surrounded by Cupids, Nereids, 
and Dolphins : but in the heavens her chariot is drawn 
by doves and swans. Temples have been erected to 
her everywhere, but Cyprus was her favourite residence. 

16. Ildars is represented as a furious warrior riding in 
a chariot drawn by horses, which are driven by a dis- 
tracted woman. Discord flies before them ; clamour^ 
anger, fear, and terror, attend his progress. 

17. The dog was consecrated to Mars for his vigilance 
in the pursuit of his prey ; the wolf for his fierceness ; 
the raven, because he delights to feast on the bodies of 
the slain in battle ; and the cock for his watchfulness^ 
by which he prevents surprise. 

QUESTIONS FOR EXAMINATION. 

1. What chiefly famiBhes the mythology of Greece? 

2. What is the cause of the mixture of character in the gods 
of Greece and Rome ? 

S. Were there any other besides the superior gods? 

4. Who was Jupiter, and how did he divide his kingdom ? 

5. Did he obtain general worship ? 

6. How is he represented ? 

7. What character did he sustain? 

8. Who was Juno, for what was she famous, and how is she 
represented ? 

9. What was her character, and who was her chief attendant? 
10. How was Minerva derived, and of what is she emblematical? 
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11. How it she represented : of what are the cock and owl the 
emblems ? 

12. In what character was Neptune worshipped, and how is he 
represented ? 

13. What was his character, and who was his most remarkable 
child 1 

14. Who was Venus, and from what did she spring ? 

15. How is she represented, and which was her farourite resi* 
dence ? 

16. How is Mars represented ? 

17. What animals were consecrated to Mars, and why were 
they devoted to him ? 



LESSON THE FOURTH. 

MYTHOLOGT OF GREECE, ROME, AND THE NORTHERN 

NATIONS. 

1. Vulcan was the god of fire, and the inventor of 
the art of fabricating arms and utensils from metals. 
Temples were erected to him at Athens, Rome, Mount 
Etna, &c.; and at Memphis a most magnificent one was 
dedicated to this god, before which stood a coUossal 
statue, seventy feet high. He forged the armour of the 
gods and the thunder of Jupiter. 

2. Vulcan is represented seated at his anvil, with his 
fire and tools about him, holding a thunderbolt with a 
pair of pincers in his left hand, and in his right a ham- 
mer raised in the act to strike; he is supposed to be 
sooty and black firom the nature of his employment. 
He is the son of Jupiter, the husband of Venus, and 
the father of Cupid. 

3. Vesta was the daughter of Saturn, and the god- 
dess of fire : an altar was raised to her, and certain 
virgins, called vestal virgins, were employed in maintain- 
ing the sacred fire, which burned in nonour of the god- 
dess. 

' 4. The temple of Vesta was supposed to contain, be- 
sides the sacred fire, the Palladium, or sacred image of 
Minerva, and the Lares and Penates, or household gods^ 
which ^neas saved from the destruction of Troy 
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5. ApollOy the son of Jupiter and Latona^ presided 
over the fine arts ; he taught the sciences of vdivination 
and of foretelling fiiture events ; and was deeply skiUed 
in the practice of music and medicine. 

6. The Apollo Belvidere is the noblest statue in the 
world : he has a cloak thrown over his shoulders, on his 
feet are a sort of buskins anciently used in hunting. 
He holds a bow in his hand. Sometimes he is repre- 
sented with his harp and crown of laurel. 

7. Diana, the sister of Apollo, was goddess of chas- 
tity, of the chase, and of the woods. She is adorned 
as Luna in heaven ; as Diana on earth ; and as Hecate 
in the infernal regions. She had two temples ; the one 
at Ephesus, one of the wonders of the world ; the other 
at Taurica Chersonesus. 

8. She is represented under the figure of a tall beau- 
tiful virgin, in a hunting dress, a bow in her hand, a 
quiver of arrows suspended across her shoulders, and 
her forehead ornamented with a silver crescent. 

9. Ceres, the goddess of fruits, is said to have taught 
the art of tiUing the earth, sowing com, and makmg 
bread. She is represented as a majestic woman, with 
poppies and ears of wheat in her left hand, and a lighted 
torch in her right. 

10. Mercury, the messenger of the gods, was the in- 
ventor of letters, the reformer of language; on account 
of his attention to eloquence he was denominated 
Hermes. 

11. He is represented as a young man of a cheerful 
countenance, with wings fixed to his cap and sandals, 
and in his hand the caduceus, a wand, round which were 
entwined serpents. 

12. The mythology of the northern nations has no 
affinity with that of the Greeks, but is much Uke that 
of the Persians. Odin or Woden was the supreme di- 
vinity of those people ; his exploits and adventures fur- 
nish the great part of their mythological creed. That 
hero is supposed to have emigrated from the east ; he 
is represented as the god of battles, f^d as killing thou- 
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sands at a blow. His palace is called Valhalla ; it is 
situated in a city where the souls of the heroes who had 
bravely fallen in battle, enjoy supreme felicity. They 
spend the day in mimic hunting matches, or imaginary 
combats; and at night they assemble in the palace of 
Valhalla, where they feast on the most delicious viands, 
dressed and served by virgins, adorned with celestial 
charms, and flushed with the bloom of everlasting 
youth. They solace themselves with drinking mead, 
the nectar of the country, out of the skulls of enemies 
whom they had killed in battle. 

QUESTIONS FOR EXAMINATION. 

1. Who was Vulcan, where were his temples, and. what waa 
his business 1 

2. How is he represented ? 

5. Who was Vesta, and what was the business of the Vestal 
virgins t 

4. What did the temple of Vesta contain ? 

5. Who was Apollo, and what did he teach 1 

6. How is the Apollo BeWiderjB represented ? 

7. Who was Diana : under what names was she adored, and 
where were the temples dedicated to her? 

8. How is Diana represented t 

9. Who is Ceres, what did she teach, and how is she repre- 
sented? 

10. Who is Mercury, of what was he the inventor, and why 
was he denominated Hermes ? 

11. How is he represented ? 

If. Give some account of the mythology of the northern na- 
tions. 
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HISTORY. 

OBSERVATIOKS UPON ITS NATURE, GENIUS, OBJECTS, 
POWERS, AND EFFECTS. 

, ** When a statesman traces, for the instruction of posterity, the lining 
tmi^es of the men and manners of his time ; the passions by which he 
has himself been agitated, and the revolutions in which his own life 
and 'fortune were involved ; the picture will doubtless retain a strong 
impression of the mind and character, and the opinions of its author. 
But there will always be a wide interval between the bias of sincere 
conviction, and the dishonesty of intentional misrepresentation.*' 
LoBD Obbnvilxb, — his preface to the earl of Chatham^s Letters to his 
nephew. Lord CatMlford, 

It did not escape the sagacity of Tacitus, that the decline of 
history under the imperial government was^ in part, caused 
by the exclusion of the people from public affau-s. In po- 
pular states, even where the historian himself has no direct 
experience of pubHc business, he at least breathes an atmos- 
phere full of political traditions and debates. He lives with 
those who think and speak more of them than of most other 
-subjects. He cannot be an utter stranger to the spirit of civil 
prudence. Under absolute monarchies, on the other hand^ 
the few who know the causes of events, are either afraid to 
write, or see no importance in any thing but the intrigues 
by which they obtain and preserve power; and the task of 
writing history is necessarily abandoned, either to mere com- 

SUers, or to sophists or rhetors, who, of all men, are the most 
estitute of insight into character, and of judgment in civil 
affairs. 

The genius of history is nourished by the study of original 
narrators, and by critical examination of the minute circum- 
stances of facts. Ingenious speculation and ostentatious or- 
nament, are miserable substitutes for these historical virtues; 
and their place is still worse supptied by the vivacity or 
pleasantry which, where it is most successful, will most com- 
pletely extinguish that serious and deep interest in the affairs 
of men which the historian aims to inspire. An historian 
is not a jester or a satirist. It is not his business to sneer 
or laugh at men, or to lower human nature. It is by main- 
taining the dignity of man, and the importance of his pur- 
suits, that history creates a fellow-feeling with his passions, 
and a delight in contemplating his character and actions. 



Digitized by LjOOQ IC 



HISTORY. 133 

" My work," says M. de Sismondi, in the introduction to 
his History of France, " was begun and completed from the 
originals, according to the advice which I formerly received 
from the great historian, John de MuUer. I studied history 
in the contemporary writers: I endeavoured to represent it 
in the light in which it appeared to them ; and it is only after 
having exhausted these original authorities, and formed an 
unprejudiced opinion from them, that I had recourse to sub- 
sequent writers. Then only I often learned the existence 
of historical controversies, of which I had not before sus- 
pected the possibiUty. I have lost somethine by this pro- 
cess ; but the contrary method would, I think, have been 
more injurious. < History, thus contemplated at its source, 
appears to me so new, so different from what I supposed it 
to DC, that I seem to myself to have gained more by guard- 
ing against the prejudices of compilers, than I can have lost 
by renouncing the aid of their information.'* 

Though this language may seem to indicate too rigorous 
an exclusion of modem aid, there is nothing more certain 
than that the history of remote ages can never be composed 
as it should be, unless it be chiefly drawn from onsinal 
writers. The importance of this practice to truth is obvious: 
yet no man without experience can know the ftdl extent of 
the danger of trusting even to the best compilers. In long 
works oversights are inevitable ; and, in the course of time, 
small inaccuracies are, by the negligence of successive com- 
pilers, ni^nified into considerable, and sometimes essential 
errors. "Whoever traces a remarkable story through a long 
series of historians, will often be astonished at the utter dis- 
similarity of the last, to the first edition, though in each in- 
termediate stage the additions or alterations may be almost 
imperceptible. There are few countries in whicn the truth 
of history has suffered more than in England, from the in- 
dolence with which almost every one of our modem histo- 
rians has taken the basis of his narrative from his predecessor. 
A better spirit has, however, in some modern works been dis- 
played; and, when government have done their duty, by 
malung public the ample materials under their controul, we 
may hope to see our ancient history illustrated from authentic 
sources. 

But it is not to accuracy only, that the consultation of 
original authorities is essential. The dehght with which we 

Seruse the history of ages long passed, depends chiefly on its 
vely and picturesque representation of men, manners, and 
events. But these are only to be found in the dramatic nar* 
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rative of the eye-witnesses, or the contemporary who had 
idways seen the manners which he paints, and had generally 
felt some deeree of the passions wnich actuated his heroes. 
The spirit of the original narratives evaporates when they 
are poured from compilation to compilation. If a modem 
historian can recover this charm, it is only when he either 
borrows directly from the first sources, or when frequent and 
funiliar contemplation of them has kindled his imagination, 
and enabled him to antiquate his feelings, so as to beconie 
for a moment the contemporary of those ages of which he is 
the historian. Nothing, therefore, is more true, however 
paradoxical it may seem, than that the means of amusement, 
and what is more, of interest, are to be found by a modem writer 
of adequate talents, chiefly in those researches into antiquity, 
and that diligent study of ancient writers, which appear so 
tedious to indolent readers, and may be represented in so 
ludicrous a hght by men of wit. The narrative of ancient 
events, by a mere modem thinker, must always be uninterest- 
ing, because he can never paint, or even conceive, the feelings 
from which these events arose. 

It is on the sympathy which history excites, that its moral 
effect depends. The moral improvement to be derived from 
all narrative, whether it be historical, or what is called ficti- 
tious, is in proportion to the de^ee in which it exercises, 
and thereby strengthens, the social feelings and moral prin- 
ciples of the reader. In both cases it excites emotions similar 
to those inspired by the men and actions which surround us 
in the world. Our habits of moral feeling are formed by 
life ; and they are strengthened by the pictures of life. In 
the perusal of history or fiction, as in actual experience, we 
become better by learning to sympathize with misfortune, 
and to feel indignation against baseness. The narrative of 
events which have occurred, or which may prolmbly occur, is 
thus one of the most important parts of the moral education 
of mankind. It is not, however, by the common-place and 
trivial moralities which may be inferred from, or illustrated 
by every narrative, that the historian contributes to the mo- 
rality of his readers. These general conclusions are already 
known to every child ; and nothing has less effect on the 
character or feehnss than the repetition of such paltry adages. 
He can improve nis readers only by interesting them; and 
he can interest them only by that animated representation 
of men and actions which inspires feeling almost as strong 
as those which are excited by present reahties. Delight and 
improvement must, therefore, be produced by the very i 
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meanB; and if the history of former ages be delightful only 
when it has the picturesque particularity of original writers, 
it must depend filso in part, on the study of the same writers 
for the attainment of its highest purposes. 

Nor are these the only circumstances in which history, 
when rendered picturesque and characteristic by its adher- 
ence to contemporary documents, is superior to those narra- 
tives in which modem speculation predominates. It is not 
only more accurate, more interesting, and more moral, but 
it also affords more instruction to the pohtician, and better 
materials for the philosopher. As long as the events pre- 
serve the colour of the age in which they passed, the states- 
man is in no danger of being so misled by history as to 
consider the precedents of a remote antiquity as fit to be 
slavishly adopted in a totally dissimilar condition of society. 
The speculations of a modem compiler discolour, and dis- 
figure, and disguise the facts of ancient history. They are 
seea through a different medium; and being combined with 
modem passions and prejudices, are, indeed, no longer the 
same facts. From such materials the philosopher can form 
no true judgment of the spirit and character of former times. 
No inferences from them can afford a sohd foundation for a 
theory of the nature and progress of society. 

To illustrate these general remarks, I will subjoin a spe- 
cimen of the difference between an ancient narration, and a 
modem abridgment. In speaking of the administration of 
Charles Martel, the Abb^ Velly, m his History of France, 
has the following passage. — 

•• France owes to the victwy of Poictiers, the j)reservation, 
or at least the free exercise, of the Christian religion. With- 
out the intrepid arm of the prince, who crushed the Saracens, 
she might have been compelled, perhaps, to embrace Maho- 
metanism ; yet the clergy laboured to blacken his memory. 
We read in a synodal letter ascribed to Hincmar, that tne 
body of Charles was carried away to hell ; and that on open- 
ing his grave, nothing was found but a frightful dragon, and 
a pestilential smell. This ridiculous story is founded on a 
revelation of St. Eucherius of Orleans, though that prelate 
died before Charles Martel. It is obvious that it id a fable 
invented to intimidate those princes who might be tempted 
to lay their hands on the property of the church." 

VeUy, Hist, of France, p. 183. 

Let us now see the ancient narrative, as it is in my opinion 
judiciously copied hterally by M. de Sismondi. A hundred and 
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twenty yean after the death of Charles Martel, the clergy 
of Ynnce, assembled at Kiersi in a national council, con- 
demned his memory in the following letter to Louis the 
Germanic. 

** It is because prince Charles, father of king Pepin, was 
the first of the kings and princes of the Framu, to cUvide 
and separate the property of the church, that, for that cause 
alone, he is damned eternally. We know in fact, that St. 
Eucherius, bishop of Orleans, whose body rests in the con- 
vent of St. Frudon, being in prayer, was carried into the 
world of spirits; and that among the thin^ which he saw, 
and which the Lord showed him, he recognized Charles ex- 
posed to torments in the lowest depths of hell. The angel 
who conducted him being interrogated on this subject, an- 
swered, that in the judgment to come, the soul and body of 
him who takes away the goods of the church, shall be exposed 
even before the end of the world, to eternal torments, by 
sentence of the saints, who are to judge with the Lord. 
The sacrilegious plunderer shall be laden with the penalties, 
not only oi his own sins, but of the sins of those who had 
bestowed their property, for the love of God, on holy places, 
on thQ lamps of divine worship, on alms to the servants of 
Christ, and for the redemption of their own souls. St. Eu- 
cherius, when he came to himself, called St. Boniface and 
Fulrad, abbot of the convent of St. Dennis, and first chaplain 
of king Pepin, to whom he related these things. He recom- 
piended that they should so to the sepulchre of Charles; and 
that if they did not find his body there, it would be a proof 
of the truth of the vision. Boniface and Fulrad accordingly 
went to the convent, where the body of Charles had been 
interred; and, having opened his tomb, a dragon instantly 
sprang out of it, and it was blackened in the inside, as if he 
had been burnt. We ourselves have seen men who lived 
till our times, and who were present at these occurrences, 
and they attested the things which they saw and heard. 
These things coming to the knowledge of Pepin, he caused 
a synod to be assembled at Leptines, at which St. Boniface^ 
together with George, a legate of the apostolic see, presided. 
We have the acts of this synod, which attempted to restore 
lill the ecclesiastical property which had been taken; but as 
Pepin could not restore them all, on account of his war with 
Graifer, prince of Aquitan, he at least mortgaged them to 
bishops, directing that they should pay tithes, and that each 
household pay twelve pennies to the church, till the whole 
could be restored." 
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How faint is the modem abridgment; and in what lively 
colours does the original letter msplay the sordid rapacity, 
the rancorous malice^ the impudent imposture^ the gross ig- 
norance, of a whole national church, and the wretched state 
of nations and sovereigns, who could be duped by such 
clumsy falsehoods! 

I cannot forbear from copying a singular, povverful, and 
impressive passage from Hobbes's remarkable preface to his 
translation of Thucydides. It is as follows : " The principal 
and proper work of history being to instruct and enable men 
by tne knowledge of actions past, to bear themselves pru- 
dently in the present, and providently towards the future, 
there is not extant any other (merely human) that doth more 
fully and naturally perform it, than this of my author. It is 
true, that there may be many excellent and profitable his- 
tories written since ; and in some of them, there is inserted 
very wise discourses, both of manners and poUcy: but being 
discourses inserted, and not of the contexture of the narra- 
tion, they, indeed, commend the knowledge of the writer, 
but not tne history itself; the nature whereof is merely nar- 
rative. In others, there be subtile conjectures at the secret 
aims, and inward cogitations of such as fall under their pen ; 
which is also none of the least virtues in a history, where the 
conjecture is thoroughly grounded, not forced to serve the 
purpose of the writer in adorning his style, or manifesting 
his subtlety in conjecturing. But these conjectures cannot 
often be certain, unless withal so evident, that the narration 
itself may be sufficient to suggest the same also to the reader. 
But Thucydides is one, who though he never digress to 
read a lecture, moral or pohtical, upon his own text, nor enter 
into men's hearts, farther than the actions themselves evi- 
dently guide him, is yet accounted the most politic historio- 
grapher that ever writ. The reason whereof I take to be 
this : that he filleth his narrations with that choice of matter, 
and ordereth them with that judgment, and with such per- 
spicuity and efficacy expresseth himself, that as Plutarch 
saith, he maketh his auditor a spectator. For he setteth his 
reader in the assembUes of the people, and in the senates, at 
their debating; in the streets at tneir seditions; and in the 
field at their battles! So that look how much a man of un- 
derstanding might have added to his experience if he then 
lived a beholder of their proceedings, and familiar with the 
men and business of the time: so much almost ma^ he 
mrofit now, by attentive reading of the same here written. 
He may from the narrations draw out lessons to himself, and 
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of himself be able to trace the drifts and counsels of the 
actors to their seat." 

The truth it will be said is here somewhat exaggerated. It 
would require infinite dexterity, as well as a continual sacri- 
fice of vanity, to write in this manner ; but, nevertheless, so 
far as it is attainable, how instructive and how delightful ! 

Even H^ME, who tells his story so well, is often ostenta- 
tious of his opinions, and becomes, like Gibbon, rather a 
philosophical commentator, than a skilful historian. So does 
a greater writer still, Burke, both in his * Account of the 
European Settlements,' andin his masterly' Fragments of Eng- 
lish History,' which I trust every one of my readers will read: 
but he never is deficient in vivacity and variety. One source 
of both those excellencies may be found in the judicious 
practice of borrowing freely from the original writers, and 
from the documents of the times, altering the expression 
on^ by discarding obscure, uncouth, and redundant words. 

How striking is this short passage, in a speech of Edward 
the Fourth, to his parliament 1 " The injuries that I have 
received are known every where, and the eyes of the world 
are fixed upon me to see with what contenance I suffer." 
If actual events could be often related in this way, there 
would be more books in circulating libraries than novels 
and romances. 

The Uvely and graphic style is plainly the best, though 
now and then the historian's criticism is wanted to support 
a startling fact, or to explain a confused transaction. Thus 
the learned Rudbeck in his '' Atlantica," ascribing an antient 
temple in Sweden, to one of Noah's sons, warily adds, " 'twas 
probably the youngest." 

I cannot help adding, that if the student will read with a 
pencil in his hand, more than one celebrated historian, he 
will be surprised to find himself making so many grave ob- 
iservations, worthy of the cautious Swede ! 

There is one grand incident in our own annals, presenting 
the means of producing a work at least as interesting and 
instructive, as any pumic story ancient or modem. I mean 
the establishment of American Independence. Do I say too 
much in speaking of this, as the prmcipal event of all civil 
history? 

I will appeal to the student ; I will ask him only to think 
of the magnitude and the nature of the question at issue ; 
of its consequence as an eiuonple ; of the successful termina- 
tion of the strug;gle ; of the elevated and accomplished actors, 
both in the United States and in England. The battle waa 
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as much fought at home as abroad ; and some of the com- 
batants were the King, Lord Chatham, Lord North, Mr. 
Burke, Mr. Fox, Greneral Washington, Dr. Frankhn, and 
Mr. Jefferson. I will ask him to think too of the manifestoes, 
the proclamations, the declaration of Independence; and, 
" last not least," of the speeches, which furnish abler and 
more authentic examples of eloquence, than are found in 
Thucydides, Livy, or Tacitus. These dramatic documents 
have always been the allowed and admired ornaments oi 
history. 

One surprising instance, equally honourable to the speaker 
and to the assembly that bore it, shall conclude this paper ; 
it is the famous exclamation of Lord Chatham, " My Lords ! 
I rejoice that America has resisted." Let the student re- 
member that this man had been minister, and meant to be 
minister a^in ! 

I hope these random thoughts will not perplex, but incite 
the student to the exercise of critical acumen and philoso- 
phic reflection. 



LESSON THE FIRST. 

1. History is a connected recital of past or present 
events : and it is the oflSce of history to trace the pro- 
gress^ of man from the savage state, and through the 
several degrees of civilization, to the nearest approach 
to perfection of which social institutions are capable. 

2. The uses of history are these : it serves to amuse 
the imagination and interest the passions : — it improves 
the understanding; and it tends to strengthen the sen- 
timents of virtue. 

3. Oral tradition was, in early times, the only vehicle 
of historical knowledge ; hence to secure the remem- 
brance of important facts, as compacts, treaties, &c. 
they were recited in the assembhes of the people. 

4. Another method of transmitting the knowledge of 
important events was by historical poems. Hence the 
office of bards, whose whole employment was to com- 
pose and repeat those poems. 

5. The next method of preserving traditions was by 
visible monuments, as pillars, edifices, &c. erected upon 
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occasion of any remarkable event: of this nature was 
the heap of stones raised by Jacob and Laban, as a 
memorial of their mutual reconciliation. 

6. Coins, medals, and inscriptions, may be regarded 
as portable historical monuments. In aner times the 
archives and laws of states perpetuated information in 
a more certain and extended form. 

7. A general and accurate knowledge of geography 
and chronology is necessary in the study of history. 

Illustration. — A knowledge of the situation and 
relative magnitude of the several countries of the earth 
assists and affords clear and distinct ideas of events ; 
and a general comprehension of the current of time 
enables a person distinctly to trace their dependence 
on each other. 

8. A good historian should have a general acquaint- 
ance with the sciences, and with the principles which 
actuate human nature, as it will enable him to judge of 
the possibility and probability of certain facts, and be 
a guide in estimating the consistency of human cha- 
racters, and of what is, or is not, within the powers of 
buman nature. 

Illustration. — Philosophical knowledge, in general, 
will be found of the most extensive use to all persons 
who would examine with accuracy the achievements of 
ancient nations in peace or war, or would impartially 
weigh the account of any thing in which the powers of 
nature are employed. 

9. Useful aids in the study of history are well drawn 
compendiums, such as that of Holberg, translated and 
improved by Sharpe; chronological tables, such are 
Blair's; and historical charts, as that by Priestley; 
lliese shew in a single view the reference and connexion 
which the history of one country has with others. 

10. History, with regard to the nature of its sub- 
Jects, may be divided into general and particular; and, 
with respect to time, into ancient and modem. 

11. General history relates to nations and to every 
thing of a pubhc nature connected with them: the sub- 
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ject of particular history refers to individual countries 
or particular periods. 

12. Ancient history commences with the creation of 
the world, as given by Moses, and extends to the reign 
of Charlemagne, A. D. 800. Modem history is dated 
from that period, and extends to our own times. 

13. Greneral history is divided into civil and eccle^ 
siastical: the first contains the history of mankind in 
their various relations to one another : the second con- 
siders them as acting, or pretending to act, in obedience 
to what they beheve to be the will of God. 

QUESTIONS FOR EXAMINATION. 

1. What is history and its office ? 

2. What are the uses of history 1 

3. What was the first yehicle of historical knowledge ? 

4. What was the second method of transmitting historical facts? 

5. Mention another method. 

6. What are called portable historical monuments ? 

7. What is necessary in the study of history? 
Give the illustration. 

8. With what should an historian be acquainted 1 
Give the illustration. 

Q. What are reckoned useful aids in the study of history t 

10. How is history divided ? 

11. To what does general and particular history relate? 

12. When does ancient and modem history commence ? 

13. How is general history divided, and what do the parts 
contain ? 



LESSON THE SECOND. 

1. History resolves itself into certain periods, at each 
of which a great revolution took place, either with re- 
gard to the whole world, or a very considerable part 
of it. 

2. The Jirst general period refers to transactions 
from the creation of the world to the flood, which are 
recorded in the first six chapters of the Bible. 

3. In that period men were not in a savage state ; 
they had made some progress in the mechanic arts; 
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had invented music, and found out the method of work- 
ing metals. 

4. They lived in one large community without any 
divisions into different nations, which at length pro- 
ceeded from the confusion of languages. 

5. The second period of history commences at the 
deluge, about 1656 years after the creation, and it ex- 
tends to the beginning of profane history. 

6. It includes the attempt at building the tower of 
Babel; the history of Noah's sons; the foundation of 
the kingdoms of babylonia and Assyria; the migration 
and history of the Israehties ; the history of the Greeks, 
and their expedition against Troy; the founding of 
Carthage and Rome. 

7. Tlie third period begins with the 28th Olympiad, 
about the year B. C. 668; and it includes the destruc- 
tion of the kingdom of Assyria by the Medes and Baby- 
lonians, and the overthrow of the kingdom of Judea 
by Nebuchadnezzetr, king of Babylon. 

8. The fourth period of history extends only to the 
conquest of Babylon by Cyrus, a period of thirty-one 
years, which event took place in the year B. C. 538. 

9. During the fifth period, the Jews, under Cyrus, 
obtained leave to return to their own country, rebuild 
their temple, and re-establish their own worship : it in- 
cluded likewise the reign of Alexander the Great, and 
the overthrow of the Persian empire. 

10. The sixth period includes the rise and progress 
of the four empires which had arisen out of the vast 
empire of Alexander, and the history of the exploits of 
the Romans and Carthaginians till the destruction of 
Carthage about a century and half prior to the birth of 
Christ. 

11. The seventh period is occupied in the conquests 
of the Romans, till their empire had attained its greatest 
magnitude, and till the time when an end was put to 
the Roman republic : it includes also the conquest of 
Britain by Claudius, and the destruction of Jerusalem 
by Vespasian. It ended with the death of Trajan. 
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12. The eighth period extends from the death of 
Trajan to the division of the empire under Constantine. 

13. The ninth period exhibits the dechne and miser- 
able end of the western part of the Roman empire : it 
details important revolutions that occurred in Britain, 
Italy, France, and Spain. 

14. During this period Africa, properly so called, 
had changed its masters three times: tiie Vandals had 
expelled the Romans, and erected an independent 
kingdom, which was at length orertumed by the em- 
perors of Constantinople, and from them it was taken 
by the Goths, A. D. 620. 

15. The tenth period is dated from the flight of 
Mahomet in the year 622 : it includes the rise, pro 
gress, and victories of that conqueror, and the fiaul of 
his empire : it relates to the conquests of the Turks and 
Saracens; the establishment of the pope's temporal 
power; and it extends to the period of the crusades. 

16. The eleventh period of history commences with 
the crusades, and includes all the space intervening 
from between that time and the present. 

QUESTIONS FOR EXAMINATION. 

1. Into what does history resolre itself? ' 

2. To wbat does the first general period refer ? 

3. In what state were men at this period? 

4. What was the state of society then ? 

5. When did the second period commence, and how far did it 
extend ? 

6. What does it include ? 

7. When did the third period beg^n, and what did it include ? 

8. To what did the fourth period extend ? 

9. What happened during the fifth period ? 

10. What did the sixth period include ? 

11. In what is the seventh period occupied, and what does it 
include ? 

12. How far does the eighth period extend ? 

13. What does the ninth period exhibit? 

14* What occurred in Africa during that period ? 

15. Which is the tenth period ? 

16. When does the eleventh period commence, and what spac* 
does it include ? 
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ARITHMETIC. 



ITS HISTORY AND UTILITY. 

'• The first elements of Arithmetic are acquired during our infancy ; 
for when a child gathers as many stones together as suits his fancy, and 
throws them away, he acquires the first elements of the two capital 
operations in arithmetic, addition and subtraction." 

(Academy of Sciences and Art — Article, Arithmetic, J 

It is remarked by an able writer upon the history of this 
science, that " at what time it was introduced into the world 
cannot be easily determined. History fixes neither the author 
nor the time." This is no doubt true ; but we may never- 
theless safely affirm of the four first fundamental principles : 
viz. addition, subtraction, multiplication, and division, that 
they have always in a certain degree been practised by dif- 
ferent nations. 

Numbers, as a science, must in a great measure have de- 
pended on the advancement of commerce, because arithme- 
tical calculations, becoming then more necessary, would receive 
a greater degree of attention. Thus arithmetic is, with much 
probabiHty, supposed to have been of Tyrian or of Phoenician 
mvention. From Asia it is said to have passed into Egypt ; 
from Egypt arithmetic was transmitted to the Greeks ; thence, 
with its improvements, it proceeded to the Romans; and from 
the Romans, it has been dispersed over the modem nations of 
the world. The S3rmbols or characters of numbers and the 
scale of numerical calculations have been considerably diver-» 
sified in diflcrent ages. The Hebrews and Greeks, and after 
them thfe Romans, had recourse to the letters of their alpha- 
bet for the representation of numbers. The Mexicans adopt- 
ed circles for cyphers, and the ancient Peruvians coloured 
knotted cords, csdled quipos. The Indians are at this time 
very expert in computing by means of their fingers, and the 
modem natives of Peru are said, by the dificrent arrangements 
of their grains of maize, to surpass Europeans, aided by all 
their rules. 

The Arabian or Indian notation, which is now universally 
practised, was originally derived from the Indians ; and was, in 
the tenth century, brought oy^the Moors or Saracens from 
Arabia into Spain. Its improvements principally consist is 
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its brevity and precision ; instead of employing twenty four 
characters^ only nine di^ts and a C3^her are wanted. The 
symbols also are more simple, more appropriate and deter- 
mined ; and therefore the powers of them are less liable to 
inaccuracy or confusion. With the symbols too, the scale of 
numerical calculations has been varied. The first improve- 
ment was the introduction of reckoning by tens, which, no 
doubt, took its rise from the obvious mode of counting by the 
fingers, as that was customary in the primary calculations of 
every nation, excei>t the Chinese. 

The Greeks, as will be seen in the following lessons, had two 
methods of marking the advance of numbers : one on the plan 
which was afterwards adopted by the Romans, and which is 
still used to distinguish the chapters and sections of books ; 
and in the other, the first nine letters of the alphabet repre- 
sented the first numbers ^m I to 9, the next nine so many 
tens, ^m 10 to 90. The number of hundreds was expressed 
by other letters, supplying what was wanting either by other 
marks or diaracters, or by repeating the letters with different 
signs in order to describe thousand^ tens of thousands, &c. 

Upon this mode of computation, the writers in a modem 
encyclopedia have the following juchcious and apposite obser- 
vations. ''The ancient Greelcs and Romans would have 
brought the science of arithmetic to a much greater degree of 
perfection than they ever did, had they hit upon the method 
of expressing by ten distinct characters the numbers by which 
they reckoned. But the idea of a cypher, which can only be 
introduced into the decadary system, and which may be styled 
the Key Stone of Arithmetic, seems never to have struck 
them ; and thus, though they reckoned properly enough by 
tens, yet not having characters proportionate enough to ex- 
press their numbers, they involved their Arithmetic in a 
labyrinth of confusion, from which neither a Euclid, nor an 
Archimedes, with all their wonderful mechanical powers, 
were able to extricate it, for want of this clue. In a word it 
is to the cypher, in uniform alternation with the nine digits, 
that the modems owe the honour of having perfected a science, 
in which the ancients, with all their great attainments, had 
made but small progress. And perhaps if all our modem 
weights and measures were divided and subdivided upon the 
decadary plan, instead of into fourths, eighths, twelftns, six- 
teenths, &c. that general uniformity of both, so long wanted, 
xniffht soon be attained." 

About the year of our Lord 200, a new kind of arithmetic, 
called sexagesimal, was invented by Ptolemy. Every unit was 
L 
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supposed to be divided into 60 parts, and each of tbese into 
60 others, &c. Thus from 1 to 59 were marked in the com- 
mon way : — then 60 was called a sexagesima, or first sexagesi- 
mal integer, and had one single dash over it, as T ; 60 times 
60 was oedled " sexagesima secunda," and marked I", &c. 

These methods of calculation are continued by astronomers 
in the subdivisions of the degrees of circles. The decuple 
or Arabian scale, substitutes £icimal instead of sexagesimal 
progression, and by this smgle process removes the difficulties 
and embarrassments of the preceding modes. Thus the signs 
of numbers from 1 to 9 are considered as simple characters, 
denotine the simple numbers subjoined to the character ; the 
cypher 0, by filling the blanks, denotes the want of a number 
or unit in tnat place ; and the addition of the columns in a 
ten*fold ratio, always expressing ten times the former, leads 
from tens, according to the order in which they stand, in a 
method at once most luminous and certain. 

For decimal parts, W9 are indebted to Regiomontanus, who 
about the year 1464 published his book of Triangular Canons. ' 
Dr. Wallis invented the use of circulating decimals, and the 
arithmetic of infinities ; but the last, and with regard to ex- 
tensive appUcation, the greatest improvement which the art 
of computation ever received, was n-om the invention of lo- 
garithms, the honour of which is due to John Napier, baron 
of Merchiston in Scotland, who pubUshed his discovery about 
the beginning of the seventeenth century. Mr. Henry Briggs 
followed Baron Napier on the same subject. 

Arithmetic may now be considered as having advanced to 
a degree of perfection which, in former times, could scarcely 
have been conceived, and to be one of those few sciences 
which have Uttle room for improvement. 



LESSON THE FIRST. 

1. Arithmetic is the science of numbers, and teaches 
the art of computing by them. 

2. The Greeks made use of the letters of their alpha- 
bet to represent their numbers. The Romans followed 
the same method ; and besides characters for each rank 
of classes, they introduced others for five, fifty, and 
five-hundred, &c. 
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AK 

One five 
,1 V 


ITHMJfi 

ten 
X 


fifty one hundrea. 
L C . 


five hundred 
D 




one thousand 
M 



Ex. 



3. Any number may be represented by repeating and 
combining the letters: thus xx stands for two tens, or 
twenty: ccc for three hundred, and so on. 

4. When a numeral letter is placed after, one of 
greater value, their values are added : thus xii stands 
for ten and two, or twelve : lxxvii for seventy-seven : 
MDCLxvi, for one thousand six hundred and sixty-six. 

5. When a numeral letter is placed before one of 
greater value, the value of the less is taken from that 
of the greater : thus ix stands for ten less one, or nine : 
XL for fifty less ten, or forty : xc one hundred less ten, 
or ninety. 

6. The method of notation that we now use is taken 
from the Arabians, and the characters by which all the 
operations of common arithmetic are performed, are, 
I, 2, 3, 4, 5, 6, 7, 8, 9, 0; the first nine are called 
significant figures. 

7. Significant figures, when placed singly, denote the 
simple numbers subjoined to the characters. 

8. When several significant numbers are placed to- 
gether, the first or right hand figure only is to be taken 
for its simple value : the second signifies so many tens, 
the third so many hundreds, and so on. 

Ex. — In 7777, the right hand figure stands for 7 
only, the next stands for 70, the third for 700, and the 
fourth for 7000, so that the whole reads seven thou- 
sand, seven hundred, and seventy-seven. 

9. The cipher in any place denotes the want of a 
number in that place, thus 50 denotes five tens, and no 
unit or simple number : so 304 denotes three hundred 
and four, there being no significant figure in the tens 
place. 

10. The whole art of arithmetic is comprehended in 
various modifications of the four rules, Addition; Sub- 
traction; Multiplication; and Division. 

l2 
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11. Addition is that operation by which several 
nnmbers or sums are collected into one total. 

Ex. (1.) 





£. 


8. 


d. 


) 583 


(2.) 48 


14 


6 


487 


91 


10 


10 


965 


14 


9 


0* 


321 


26 
£181 


19 

14 


9i 


2356 


11 



Total 

12. Subtraction is the operation by which we take 
a less number, or sum, from a greater, and find their 
difference. 

£. 8, d. 

Examples 9876 581 13 9 J 

4937 298 19 8| 

Difference 4939 £282 14 Of. 

13. Multiplication is a compendious mode of addi- 
tion, and teacheth to find the amount of any given 
number, by repeating it any proposed number of times. 

£. 8. d. 
Example 5876 34 6 9^ x 35 = 7 X 5 

49 7 



52884 240 7 6J 

23504 5 



Product 287924 £1201 17 8J 

14. Division teacheth to find how often one number 
is contained in another of the same denomination, and 
thereby performs the work of many subtractions. 

X. 8, d. 

Example. 8)76543 6)865 14 9 

9567—7 £144 5 9J 
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QUESTIONS FOR EXAMINATION. 

1. What 18 arithmetic ? 

t. What did the Greeks and Romans use f numbers ! 

3. How were numbers represented by the Roman letters ? 

4. In what way was the addition of a number performed ? 

5. How was a number taken away by the Roman method ? 

6. From whom is derived the modern method of notation, and 
what are the characters used t 

7. What do the significant figures denote when placed singly? 

8. How are they reckoned when placed together ? 
Explain by the example. 

9. What does the cipher denote? 

10. In what is the whole art of arithmetic comprehended? 

11. What is addition t 
Explain by the examples. 

12. What is subtraction? 
Explain by the examples ? 

13. What is multiplication, and what does it teach ! 
Explain by the examples. 

14. What is division, and what does it teach ! 
Explain by the examples. 



LESSON THE SECOND. 

1. Reduction teaches to bring numbers from one 
denomination to another, without changing their value : 
it is used to simplify the operations in other rules. 

Example. — If I wish to know how many half-crowns 
there are m £l. I2s, 6d, I reduce the given sum, and 
also the half-crown into pence, or into sixpences, and 
divide the greater by the less : thus there are 5 six- 
pences in half a crown, and 66 sixpences in £1 . 125. 6d, 
and 65 divided by 5 give 13 for the answer, that is, 
there are 13 half-crowns in £1. 125. 6d, 

2. In reduction all great names are brought into 
lesser by multiplication: and less names are brought 
into greater by division. 

Example. — Pounds are brought into pence by mul- 
tiplying by 20 and by 12 : and pence are brougnt into 
guineas by dividing by 12 and 21. 
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3. Proportion, or as it is often denominated, the 
golden rule of proportion, on account of its general 
application to questions in mathematics and arithmetic, 
is divided into direct, inverse, and compound pro- 
portion. 

4. Direct proportion, or the rule of three direct, is 
employed in finding, from three given numbers, a fourth, 
which shall have the same relation to the third, as the 
second has to the first. 

Example. — If the three numbers be 2, 6, 10, then 
the fourth will be 30, because 30 has the same propor- 
tion to 10 that 6 has to 2. 

5. The fourth number is found by multiplying the 
second and third together, and dividing by the first. 

6. Inverse proportion, or the rule of three inverse, 
teacheth from three given numbers how to find a fourth, 
which fourth shall have the same relation to the second, 
as the first has to the third. 

Example.— If the three numbers be 15, 9, 5, then 
the fourth will be 27. 

7. The fourth number is found by multiplying the 
first and second numbers together, and dividing by the 

third; thusii^=27. 
5 

8. Compound proportion, commonly called in arith- 
metical books the double rule of three, or rule of five, 
is a rule in which more than three terms are given to 
find another dependant upon them. 

Example. — If 8 men can reap 40 acres in 7 days, 
how many acres can be reaped by 24 men in 28 days. 

Men Days Acres Men Days OA v OQ y A(\ 

8 7 40 24 28 Ans.^^,^!^^^ = 480 acres. 

8X7 

The same might be found by two statements of single 
proportion thus : 

Men 8 Acres 40 Men 24 Acres 120 

Days 7 Acres 120 Days 28 Acres 480 as 
before. 

Explanation. — Here it is first found that if 8 men 
can reap 40 acres in a certain time, 24 men could iu 
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the same time reap 120: it is then found that if in this 
certain time, viz. 7 days, 120 acres can be reaped, 
how many might be reaped in 28 days. 

9. Practice is a compendious method of working the 
" rule of three du-ect,*' that is, such questions as have 
unity for the first term. 

Ebcample.— If one pound of tea cost 6s. 9d. what 
will 281b. cost : here I multiply the price of one lb. by 
the number of pounds : 6s, 9c?. X 28 or 4 X 7 = £9. 95. 

10. Fractions, are, as the term denotes, broken parts 
of a whole number or unit, and they are divided into 
vulgar and decimal, both of which are worked by the 
four fundamental rules, addition, subtraction, multipli- 
cation, and division. 

11. In vulgar fractions we suppose unity divided 
into several equal parts, one or more of these is called 
a fraction, and is represented by placing one number in 
a smaller character above a line called the numerator, 
and another under it, called the denominator : as i, t, 
A, &c. 

Illustration. — In the first of these fractions the 
unit is supposed to consist of 5 equal parts, and the 
fraction to be equal to three-fifth parts; that is, if the 
unit be a pound sterling, then each fifth part will be 
equal to 4s. and the fraction three-fifths will be equal 
to 12s. In the second fraction the unit, say Is. is 
supposed to be divided into 8 parts, and tths b equal 
to 7^0?. 

12 A decimal is a fraction, having always 10, or some 
power of ten for its denominator, which is understood 
and not expressed. 

Example. — The fractions A, tife, Wis, are expressed in 
decimals by the numerators, only with dots or commas 
before them; as, .5, .75, .784; if the decimal five be 
part of a pound or shilling, its value will be five-tenths, 
or one-half of the Hke sums, or 10s. or 6d. If 75 be 
the decimal of a hundred-weight, it will be found equal 
to 841b. by multiplying the decunal by the number of 
pounds in the cwt. and striking off as many figures to 
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the right of the product as there are decimal fissures in 
the fraction: thus .75 X 112 = 84.00. 

QUESTIONS FOR EXAMINATION. 

1. What is reduction, and for what purpoies is it uatdl 
Explain by the example. 

2. How is reduction performed ? 
Gire the examples. 

3. What is proportion, and how is it distinguished ? 

4. What is meant by direct proportion ? 
Give the example. 

6. How is the fourth number found ? 

6. What is meant by inverse proportion ? 
Give the example. 

7. How is the fourth number found ? 

8. What is compound proportion? 
What is the example ? 

How is the same result obtained by two statements ? 
Giro the explanation. 

9. What is practice ? 
Giro the example* 

10. What are fractions ? 

11. Explain what is meant by vulgar fractions. 
Give the illustration. 

13. What do you mean by a decimal fraction 1 
Giro the example. 



ALGEBRA. 

ITS DEFINITION, ORIGIN, AND HISTORY. — WORKS OF 
INDIAN ALGEBRA. 

" The present language of Algebra is the roost perfect instrument of 
thought which has yet been contrived." Eclectic Xeview, 1827. 

Algebra is an Arabic word of uncertain et3rmology. It is 

Srobably derived from al and geber, which sif^ifies the re- 
uction of fractions to a whole number. It may be defined 
to be a peculiar kind of arithmetic, which takes the quantity 
sought as if it were granted, and by means of one or more 
quantities given, proceeds by consequence, till the quantity* 
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at iirst only supposed to be known, or at least some power 
thereof, is found to be equal to some tjuantity or quantities 
which are known ; and consequently is itself known. 

A quantity which can be measured, and is the object of 
mathematics, is of two kinds, number and extension. The 
former is treated of in arithmetic, the latter in geometry. 
Numbers are ranged in a scale, by the continual repetition 
of some one number, which is called the root ; and in con- 
sequence of this order, they are conveniently expressed in 
words, and denoted by characters. Investigations by com- 
mon arithmetic are greatly Umited from the want of characters 
to express the quantities that are unknown, and their dif- 
ferent relations to one another, and to such as are known. 
Hence letters, and other convenient symbols, have been in- 
troduced to supply this defect; and thus gradually has arisen 
the science of Algebra, properly called Universal Arithmetic. 
In the common arithmetic, too, the given numbers disappear 
in the course of the operation, so that general rules can sel- 
dom be derived from it; but in algebra, the known quan- 
tities, as well as the unknown, may be expressed by letters, 
which, through the whole operation, retain their original 
form; and hence may be deduced not only general rules for 
like cases, but the dependence of the several quantities con- 
cerned, and Ukewise the determination of a problem, with- 
out exhibiting which, it is not completely resolved. This 
general method of expressing quantities also, and the general 
reasonings concerning their connections, which may be 
founded on it, have rendered this science not less useral in 
the demonstration of theorems, than in the resolution of 
problems. If geometrical quantities be supposed to be di- 
vided into equfJ parts, their relations in respect of magni- 
tude, or their proportions, may be expressed by numbers ; 
one of these equal parts being denoted by the unit. Arith- 
metic, however, is used in expressing only the conclusions of 
geometrical propositions; and it is by algebra that the bounds 
and appUcation of geometry have been of late so far ex- 
tendea. The proper objects of mathematical science are 
number and extension; but mathematical en(]piries may be 
instituted also concerning any physical quantities, that are 
capable of being measured or expressed by numbers and ex- 
tended magnitudes; and as the apphcation of algebra may 
be equally universal, it has been properly designated the 
science of quantity in general. 

Much controversy and disputation has been expended upon 
the history of the progress and improvements of algebra. 
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ThU has been induced by the partiality and prejudices which 
are natural to all nations, and by the want of a closer ex- 
amination of the works of the older authors on this subject. 
From these causes it has happened that the improvements 
made by the \iTiters of one nation have been ascribed to 
those of another; and the discoveries of an earlier author to 
some one of much later date; add to this also, that the pecu- 
liar methods of many authors have been described so Uttle 
in detail, that our information derived from such histories is 
but veiT imperfect, and amounts only to general and vague 
ideas of the true state of the arts. The earUest treatise on 
algebra, which has come down to the present time, is that of 
Diophantus, of Alexandria in Egypt, who flourished in the 
middle of the fourth century after Christ, and wrote a work 
on this subject in the Greek language, consisting originally 
of thirteen books, though unfortunately for the interest of 
science, only the first six are now extant. 

Other works on the subject, of a more easy and elemen- 
tary kind, must, however, have existed long before the time 
of Diophantus, since he nowhere treats of the leading rules, 
as a writer in the infancy of the art would have done. 
Whether we are indebted for this admirable invention to the 
genius of the Greeks, as has hitherto been thought, or to 
that of some other ancient nation, cannot at this cUstance of 
time be easily ascertained; though, from the information 
which for more than a century past has been gradually ob- 
tained through our intercourse with the East, there are strong 
reasons for beUeving that algebra, as well as our common 
system of arithmetic, originated among the Hindoos, or na- 
tives of India, who are known to possess some valuable works 
on the subject, containing rules and principles apparently not 
derived frpm any foreign source. 

Among the R'agments of Eastern science with which the 
learning and zeal of our countr}nnen in India have enriched 
the literature of the west, is foiur different Indian treatises^ 
in Sanscrit verse, on the arithmetic, algebra, and geometry 
of Hindostan, translated by Henry Thomas Colebrooke, 
Esq. F.R.S. Two of these, the Ltlavati and Vija Cranita, 
are the works of Bhascara Acharya; the first on arith- 
metic, the second on algebra. The other two books are still 
more ancient, and were composed by a mathematician of the 
name of Brahmbgupta. These, like most of the mathe- 
matical writings of the Hindoos, make parts of systems of 
astronomy. 

The time of Bhascara is fixed with great precision 
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by his own testimony, and by corresponding circumstances, 
to a date that answers to about the year 1 150 of the Chris- 
tian era. The age of Brahmegupta is considerably more 
remote, and his works are extremely rare. The age in which 
he Uved is fixed by Mr. Colebrooke, after a display- of sur- 
prising industry and zeal, with great probability, from a va- 
riety of concurring circumstances, and particularly from the 
position which he assigns in his astronomy to the solstitial 
points, to the sixth, or the beginning of the seventh century 
of the Christian era, and antecedent therefore to the first 
dawn of the sciences in Arabia. At the same time it is ob- 
served, that even Brahmegupta's treatise, is not by any 
means the earUest work known to have been written in India 
on the subject of algebra. Ganesa, the most eminent of 
the schohasts and commentators of Bhascara, quotes a 
passage from Arya-Bhatta, on the subject of algebra, con- 
taining a very refined artifice for the solution of indetermi- 
nate problems, which is known in Sanscrit, by the name of 
Cuttaca, Arya-Bhatta is, indeed, regarded by the Indians 
as the most ancient uninspired writer on the science of astro- 
nomy ; and by a variety of arguments, which Mr. Colebrooke's 
intimate acquaintance with the Uterature and the history of 
that country has furnished, he makes it appear, that this 
algebraist wrote as far back as the fifth century of the Chris- 
tian era, and perhaps, in an earlier age. Hence it follows, 
that he is nearly as ancient as the Grecian algebraist Dio- 
PHANTUS, supposed as I have said, to have floiuished in the 
middle of the fourth century, or about the year 360. Mr, 
Colebrooke goes on to remark, that admitting the Hindoo 
and Alexandrian authors to be nearly equally ancient, it 
must be conceded in favour of the former, that he was the 
more advanced in the science, since he appears to have been in 
possession of the resolution of equations, involving several un- 
known quantities, which it is not clear, nor fairly presumable, 
that DioPHANTUS knew. Mr. Colebrooke seems wiUing to 
stop here, without carrying back the oriein of the algebra of 
the Hindoos to a more remote period. 1 may observe, how- 
ever, that though no precise, or even traditionary knowledge, 
concerning that science can be carried to a more remote age, 
it is impossible to doubt of its having existed long before, 
and having passed by many steps to the condition it had 
then attained. It is very generally acknowledged that Dio-i 
PHANTUS cannot have been himself the inventor of all the 
rules and methods which he deUvers. Much less is Arya- 
Bhatta to be held the sole inventor of a system that is still 
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more perfect than that of Diophantus. Before an author 
could think of embodying a treatise of algebra in the heart of 
a system of astronomy, and turning the researches of the 
one science to the purposes of the other> both must be in 
such a state of advancement^ as the lapse of several ages, and 
many repeated efforts of invention, were required to produce. 

I will take a brief and summary view of one of these Hindoo 
treatises. The Lilavati treats of arithmetic, and contains 
not only the common rules of that science (there reckoned 
eight), but the application of those rules to a variety of ques- 
tions on interest. Darter, mixtures, combinations and permu- 
tations, indeterminate problems; and lastly, the mensuration 
of surfaces and soUds. All this is done in verse ; and the 
language, even when it is the most technical, seems often to 
be highly figurative. The question is usually propounded 
with enigmatical conciseness; the rule for the computation 
is next given in terms somewhat less obscure; but it is not 
till the example which comes in the third place has been 
studied, that all ambiguity is removed. No demonstration 
nor reasoning, either analytical or svnthetical, is subjoined; 
but on examination, the rules are not only found to be exact, 
but to be nearly as simple as thev can be made, even in the 
present state of analytical investigation. The numerical re- 
sults are readily deduced ; and if we compare them with the 
earUest specimens of calculation that have come to us even 
from Greece itself, the advantages of the decimal notation, 
and the alogorithm arising from it, will be placed in a striking 
light. 

But the peculiar character of the book, and of the Onental 
style which often unites so ill with the severity of arithme- 
tical computation, will be best understood by an extract or 
two from the work itself. It begins thus: 

" Having bowed to the Deity, whose head is like an ele- 
phant's, whose feet are adored by gods; who when called to 
mind, restores his votaries from embarrassment, and bestows 
happiness upon his worshippers ; I propound this easy pro- 
cess of computation, delightful by its elegance, perspicuous 
with words concise, soft and correct, and pleasant to the 
learned." 

From this lofty and pious exordium, the author imme- 
diately descends to the common business of calculation, and 
enters on the explanation of such terms as are naturally 
placed at the beginning of a book of practical arithmetic, 
viz. the names of numbers, tables of coins, weights, mea- 
sures, &c. In the table of measures he makes the same 
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sttempt to fix on a natural standard of linear extent that was 
anciently made in our own country. Eight breadths of a 
barley-corn are said to make a finger or an inch ; and it is 
added in the commentary of Ganbsa, that the length of 
three grains of rice is held to be equal to the breadth of eight 
grains of barley. Much refinement, indeed, was not neces- 
sary to perceive the value of a standard which the highest 
improvements, both in art and in science have been round 
necessary to construct. The definitions are given in the 
form of an introduction, and are followed by an invocation : 
'* Salutation to Ganbsa, resplendent as a blue and spotless 
lotus, and delighting in the tremulous motion of the dark 
serpent, which is continually twining within his throat.'* The 
rules of arithmetic are then delivered in verse, and addressed 
to lAlavati, a young and charming female, who appears to 
be receiving the instructions of the author, and to whom the 
examples of the rules are usually proposed as questions to 
be resolved. The rules explained as elementary are, addi- 
tion, subtraction, multiplication, division, squaring of num- 
bers, cubing of numbers, extraction of the square root, ex- 
traction of the cube root. 

In the beginning of a new chapter, the third, an operation 
is treated o^ which is called inversion; and nothine can be 
more unlike the scientific language of Europe, uian the 
terms in which this rule is delivered. 

''To investigate a quantity, one being given, make the 
divisor a midtiplier, and the multiplier a divisor; the square 
a root, and the root a square : turn the negative into posi- 
tive, and the positive into negative. K a quantity was di- 
minished by its own proportional part, let the denominator, 
being increased or diminshed by its numerator, become the 
denominator, and the numerator remain unchanged, and then 
proceed with the other operations of inversion, as above 
directed." 

From all that is here said, one can hardly guess either at 
what is required, or what is directed to be done. We learn 
something more precise, however, firom the question that the 
instructor puts to his fair pupil. 

" Pretty girl with tremulous eyes, if thou know the correct 
method of inversion^ tell me what is the number which mul- 
tiplied by 3, and added to three quarters of the product, and 
divided by 7, and reduced by subtraction of a third part of 
the quotient, and then multiplied into itself, and having 52 
subtracted from the product, and the square root of the 
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remainder extracted, and 8 added, and the suni divided by 
10, yields 2?" 

The numercial statement is next given, but not with much 
precision; and it is added, that by applying the rule, 28 will 
be found to be the number sought. " This," says Mr. Cole- 
brooke, "is true; and if we put the question into an equa- 
tion, according to the preceding enunciation, we shall find 
a pure quadratic, from which the number sought comes out 
equal to 28 : the steps of the calculation hems nearly the 
same that are enjoined in the preceding rule. Thus: 

If a? be the unknown quantity, then 3x H — '— = —j- ; 

QjU .jil? OS X 

and this divided by 7, is -7-. Now -^ 4~^~2~* '^^ 

square of this last, (-^ ^2) i H~ ^ 

minus 52, is -^ ^^> ^^^ therefore ^ — '- = 2, or 

{^ 52)i = 12. Whence-^— 52 = 144,^ = 196, 

|- = 14, and a? = 2$. " 

But not to dwell longer upon this part of the subject, and 
to terminate what may be considered a digression and a de- 
parture from strict method, though a pardonable one, I ob- 
serve that it is well known, that in whatever age or country 
algebra was first invented, both the name and the science 
was first made known to us, about the end of the eleventh 
century, by the Arabians, or Moors, who were settled in Spain. 
Algebra was introduced into Italy by Leonardus Bonacci, 
commonly called Leonard of Pisa, an ItaUan merchant, in 
the beginning of the thirteenth century: and Mr. Colebrooke 
has some deeply interesting notes, in the work from which 
I have already quoted, upon its progress, which he traces with 
great skill, and the powerful aid of a combination of scientific 
and Uterary information of an extraordinary description. 
After this many manuscript treatises appeared in Italy; but 
the first printed works on this subject are those of Lucas 
Pacciolus, or Lucas de Burgos, in the years 1470, 1481, and 
1494: hitherto the science had advanced no further than 
quadratic equations; the passage, indeed, to the higher 
orders was a matter of considerable difficulty. It was, how- 
ever, by subsequent mathematicians advanced to the solu- 
tion of cubic equations in the year 1505. But it is chiefly 
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to the celebrated Vieta, whose algebraic works were written 
about the year 1600, though not printed till after his death, 
which happened in 1 603, that we are indebted for having 
first generalized the algorithm of the science, and enriched it, 
far beyond what his predecessors had done, by many new 
discoveries. StifeUus, about 1500, first introduced the capital 
letters for unknown quantities; but Vieta employed the same 
letters to denote all quantities, whether known or imknown. 
To Vieta we are likewise indebted for the method of extract- 
ing the roots of equations by approximation, which has been 
since greatly improved by Rapson, Halley, Maclaurin, Simp- 
son, and others. 

Next after Vieta, may be mentioned Albert Girard, an in- 
genious mathematician of the low countries. Among the 
most distinguished analysts of this period may be reckoned 
our countryman, the celebrated Harriot, who, in his Artis 
Analyticse Praxis, pubUshed by his iriend Walter Warner, 
first introduced the use of the small letters, a, b, c, &c. of 
the alphabet, using the consonants for known, and the vowels 
for unknown quantities. He likewise farther shewed how 
the higher orders of equations may be produced by the con- 
tinued multiplication of those of the first. 

The elements of the art were compiled and published by 
Viersey in 1671, in which specious arithmetic and the nature 
of equations are largely explained and illustrated by a variety 
of examples. Sir Isaac Newton's Arithmetica Universalis 
was published in 1707, which abounds with useful and im- 
portant instruction ; and since his time we have had a great 
number of excellent treatises on the subject, from almost 
any of which the science may with very httle difficulty be 
learned. The elementary works most useful for beginners 
are those of Clairant, Lacroix, Maclaurin, Simpson, Emerson, 
Wood, Bonnycastle, and Nicholson. 



LESSON THE FIRST. 

1. Algebra is a method of performing the calcula- 
tions of all sorts of quantities by means of general signs 
or characters. 

Illustration. — At first, numbers and things were 
expressed by their names at foil length, but afterwards 
these were abridged, and the initials of the words were 
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used instead of them : then the letters of the alphabet 
came to be employed as general representatives of all 
kinds of quantities. 

2. Algebra has been called " Specious Arithmetic," 
on account of the species or letters of the alphabet 
used; and it is denominated by Sir Isaac Newton, 
** Universal Arithmetic," from the manner in which it 
performs all arithmetical operations by general signs. 

Illustration. — Every figure or arithmetical cha- 
racter has a determinate and individual value, thus the 
figures 5, 7, 9, &c. always represent the same numbers: 
but algebraical characters are general and independent 
of any particular signification. 

3. In algebra some quantities are assumed as known, 
and others as unknown; the known quantities are usually 
represented by the early letters of the alphabet, and 
the unknown ones by the final letters. 

Example. — a, 6, c, d, e, &c. are commonly put for 
known quantities, and x, y, z, &c. for the unknown 
and indeterminate quantities: thus if a + ar = 12, and 
it is known that a is equal 5, then it is found that x = 7, 

4. The signs +, — , x, +, =, are used in algebra 
as in arithmetic. 

Examples. — a + b signifies that a and b are added 
together; x — y shews that y is to be subtracted from 
x; aX b X c shews that the quantities represented by 
a, b, c, are to be multiplied together, and a X b X c 
signifies the same asa5o; a + 6 shews that a is to be 

divided by 6, the same is represented by^. 

5. a', a', a*; ar', oc^, a?*, are the squares, and the third 
and fourth powers of a and x. 

6. The mark ^/ or ^/ is the sign of the square root, 
and with a small 3, 4, 5, &c. before it, the roots of the 
third, fourth, and fifth powers are denoted. 

Examples. — ^ x is the square root of a:; ^x is the 

cube root of x : V^ V x are the roots of the fourth 
and fifth powers. 
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7. Like quantities are those which consist of the 
same letters or powers : thus 3a, da, a, are hke quan- 
tities; so are 4 a^b, 2 a*6, a^b, 

8. Unlike quantities are those which consist of dif- 
ferent letters or powers : thus a and x are unlike quan- 
tities : so also are a and a' : 4 a and 4 a': 5ab, 5ac. 

9. Like signs are either all positive 4- or all nega- 
tive — : and unhke signs are when some are positive, 
and some negative. 

10. Co-efficients are such numbers as are put before 
letters, or quantities, into which letters or quantities 
they are supposed to be multiphed : thus in the quantity 
6aXy 5 is the co-efficient which is supposed to be mul- 
tiplied into a X, 

QUESTIONS FOR EXAMINATION. 

1. Wtat is algebra? 
Give the illustration. 

2. How has algebra been denominated, and why? 
What is tlie illustration ? 

4. What is meant by known and unknown quantities^ and bow 
are they represented ? 
What is the example ? 

4. What are the signs used in algebra? 
Give the examples. 

5. How are the squares and other higher powers of a and x 
represented ? 

6. How are the square and other roots of quantities repre- 
sented ? 

Write down the examples. 

7. What are like quantities? 

8. What are unlike quantities ? 

9. What are like or unlike signs? 
10. What is meant by co-efficients ? 



LESSON THE SECOND. 

1. The fundamental operations in algebra are per- 
formed by addition, subtraction^ multiplication, and 
division. 
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2. In addition there are three distinct cases, viz. to 
add terms that are like and have hvC signs: — to add 
terms that are like and have unlike ^igns:— to add 
terms that are unlike. 

3. To add terms that are like and have like signs : 
" Add toge her the co-efficients, to their sum prefix 
the common sign, and subjoin the common letter or 
letters." 

Example. — 4 abc 3 b + 2 c — 4 d 

Sabc *+6c — 3rf 

abc 9 b -\- c — 5 d 



13 abc 13 6 + 9C— 12rf 



Illustration. — When there is no sign before a quan- 
tity, as in the first example, -f is understood: when 
there is no, co-efficient unit » understood, therefore in 
adding the first example we say 1 and 8 and 4=13. 

4. To add terms that are like, but have unhke signs, 
" Subtract the lesser co-efficient from the greater, and 
prefix the sign of the greater to the remainder, and 
subjoin the common letter or letters." 

Examples. — 5 x — 7xy — Aa z 

•i 6 X +4a:y -\- 9 a z 

— 5 a z 



•jr X — 3 a: y 



Illustration. — In the first example we take the 5 x 
firom the 6 x, and 1 ar is the remainder, but the co-effi- 
c'ent 1 is understood and never expressed : in the se- 
cond example we take + 4 from — 7, and the re- 
mainder is — 3 : in the third example we have + 9, 
and (when the 4 and 5 are addei) — 9, which destroy 
one another, and the answer is 0. 

5. To add terms that are unlike, " Set them all down 
one after another, with their signs and co-efficients 
prefixed : thus 25 + 9ar — 7z — 6 x^" 

6. To subtract quantities; " Change the sign of the 
quantity to be subtracted into the contrary sign, and 
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^en add it, so changed, to the quantity from which it 
was to be subtracted." 

Ex. +5x +Sz +6^6— lOary 

+ 2a: — 4z +4ab+ 5xy — 9 

+ 3x +12jr +2a6 — 15xy+9 

7. In multiplication, when the signs of the two terms 
to be multiplied are hke, the sign of the product is +, 
but when they are unlike, the sign of the product is — . 

8. To multiply two terms into one another, ** Find 
the sign of the product: after it place the product of 
the numeral co-efficients, and set down the letters one 
after another.'' 

£x. 4 a X 5 5 = 20 a &. 

— 8aX — 9a:y=: + 72 aary. 
•{■ShcX—Aad^ — ^Qabcd. 

9. To multiply compound quantities, *' Multiply every 
term of the multiphcand by all the terms of the mul- 
tiplier, one aft^r another, and then collect the products 
into one sum." 

Examples. — Multiply a + 6 by a — by and a + i — x 
by a — b, 

a + 6 a + b^x 

a—b a—b 



a^ + ab a^ •\- ab — ax 

— ab — lf' —ab-b^-^bx 



-i« a»* -ax-b^-^bx 



Explanation, — In the first example + and — ab 
destroy one another; and the answer is a* — b^: sup- 
pose a = 4, and ft =. 3, then in figures it \^ ill be 7 X 1 
= 7, which is equal 4' — 3' = 16 — 9 = 7; or sup- 
pose a = 9 and ft = 5, then a* — ft' = 81 — 25 = 56 
= 14 X 4. In the second example + aft and — ab 
destroy one another, and the other quantities being un- 
like, they must be set one after another. Suppose 
h2 
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a = 6, 6 = 4, and a: = 2, then a + 6 — x = 8 and 
a — 6 = 2, consequently 8 X2= a* — ax — J^ -{- bx 
= 36 — 12—16 + 8 = 16. 

10. Division is the converse of multiplication. When 
the divisor and dividend are both simple quantities, 
** Set the terms down as in the division of numbers, 
either the divisor before the dividend, or below it Uke 
a fraction, then abbreviate these terms as much as 
possible, by cancelling all the letters common to both, 
and dividing one co-efficient by the other." 

Ex. — Divide 15 a or by 5 a, and 28 a 6 or y by 7 a 6. 

5a)\5ax 2Sabxy . 

. — i- =— ^ =: 4 X y answer. 

Answer 3x lab 

11. When the dividend is a compound quantity, 
" Divide every term of the dividend by the divisor." 

Ex. — Divide 26axb-\-30axz — 5ax y' by 5a x. 

25 aar6+ 30 aorz — 5axy* rr_i_/j 

^ =z 5 b -r oz — y. 

5ax 

12. When the divisor and dividend are both com- 
pound quantities, " Set them down as in division of 
numbers : divide the first term of the dividend by the 
first term of the divisor, and place the result in the 
quotient : then multiply the whole divisor by the term 
thus found, and subtract the result firom the dividend : 
bring down the other terms, and proceed as before. 

Example.— Divide a* + 4a'6 + 6a6 + 4a63 + 6* 
by a + b, 
^ . ,xa* + 4a»6 + 6a'6' + 4a6» + 6\a' + 3a«6 + 



ib' + b" 



*+ 3a»6 + 6a'6* 
3a»6 + 3a»6* 



+ 3a»6* + 4a6' 
+ 3a*b»+3al^ 



ab»-¥b* 
ab^ + b' 
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13. An equation is a proposition asserting the equality 
of two quantities, which is expressed by placing the 
sign = between them; thus 36^. ^= 3s. 

14. A simple equation is that which contains only 
one power of the unknown quantity; thus a + b s= x 
is a simple equation. 

Example. — (1 .) Suppose or + y = 12 and x — y = 8, 
to find the value of x and y, 

ar + y = 12 
ar-y= 8 

2x =20 
x =10 

y = 2 

Explanation, — Having two unknown quantities I 
must get rid of one of them by addition or subtraction : 
I get rid of the y by addition, and find that 2 x = 20 
of course a: = 10, but x + y = 12, therefore y must be 
equal to 2. 

(2.) What two numbers are those whose sum 45 and 
difference 9, make x and y the unknown numbers then, 
a: + y = 45 
x-y^z 9 



2x =54 

X =27 
y =18 



QUESTIONS FOR EXAMINATION. 

1. How are the fundamental operations in algebra performed? 

2. How many cases are there in addition, and what are they? 

3. What is the rule in addition when the terms are like, and 
hare like signs ? 

Work the examples. 

How is the operation illustrated ? 

4. What is the rule when the terms are like, but have unlike 
signs? 

Work the examples. 

How is the operation illustrated ? 

5. How do you add terms that are unlike 1 
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6. What is the rule for subtnetion 1 
Work the examples. 

7. What is the rule respecting the signs in multiplication l 

8. How do you multiply two terms into one another t 
Work the examples. 

9. How do you multiply compound quantities ? 
Work the examples. 

Give the expiuuation. 

10. What is division, and what is the rule when the difisor 
and dividend are simple quantities 1 

Work the examples. 

11. What is the rule when the dividend is a compound quantity ? 
Work the examples. 

1^. What is the rule when the divisor and dividend are both 
compound quantities ? 
Work the example* 
IS. W hat is an equation ? 
14. What is a simple equation ? 
Work the first example and give the explanation. 
Work the second example. 



GEOMETRY. 

ON MATHEMATICS. 

** If a man's wits be wandering let him study mathematics ; for in 
demonstrations, if bis wit be called away never so little, be must begin 
again. * ' — Bacon* 

The term mathematics is derived from a Greek word which 
primarily signifies any discipline or learning. It came in 
course of time to be limited to one particular description of 
learning; much in the same manner, and for a similar reason, 
as the Enghsh term learning, has been appropriated to clas- 
sical knowledge, or the study and acquisition of the dead 
languages; and it at present denotes that science which teaches 
or contemi)lates whatever is capable of being numbered or 
measured, in so far as computable or measureable; and ac- 
cordingly is subdivided into arithmetic, which has number for 
its object, and geometry, which treats of magnitude. 

" It is not possible," says an eloauent ii\Titer in the London 
Encydopaedia," that a single word should be descriptive of 
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any complex object presented to the mind^ whether that ob- 
ject exist in nature independently of the mind, or be merely 
one of its own inventions. Hence the term mathematics 
cannot be taken as a definition, nor can the definitions which 
bave been atten]^ed for it be regarded as any thing more 
than i^jproximatious to accurate indications. If, for example, 
we say mathematics is that science which contemplates what- 
ever is capable of being numbered or measured, or tliat it is 
the science of quantity, or a science that considers magni- 
tudes, either as computable or measureable, all these and 
similar attempts at definition, are essentially faulty, because 
they are not sufficiently definite and comprehensive. It 
would perhaps be a nearer approach to accuracy of definition, 
or rather in(ucation to say, mathematics is the art of computa- 
tion and measurement, liut this also is defective. The term 
art, however, is rather more appropriate than the term science; 
though neither the one nor the other is sufficient of itself for 
the purpose; for both art and science are necessarily in- 
cluded. Mathematics is neither an art nor a science, but the 
union of both. We are accustomed to hear of mathematical 
sciences, knowledge, and learning; we never hear, however, 
of mathematical art; and the expression no doubt seems 
strange. But this very circumstance proves the importance 
of our attempt to awaken attention to what may in itself 
seem of no consequence. We are the unconscious slaves of 
habit or custom; and the established usage of language is . 
one of the last species of bondage, which even a philosophic 
understanding completely shakes off." 

Mathematics are commonly distinguished into pure and 
speculative, which consider quantity abstractedly; and mixed, 
which treat of magnitude as subsisting in materid bodies, and 
consequently are interwoven everywhere with physicid con- 
siderations. Mixe<l mathematics are very comprehensive, 
since to them may be referred astronomy, optics, geography, 
hydrography, hydrostatics, mechanics, fortification, naviga- 
tion, 6^c &c. 

Pure mathematics have one peculiar and distinguishing 
advantage, that they occasion no disputes among wrangling 
disputants, as in other branches of knowledge ; and the reason 
is, because the definitions of the terras are premised, and 
every body that reads a proposition has the same idea of 
every part of it. Hence it is easy to put an end to all ma- 
thematical controversies, by shewing either that our adver- 
sary has not stuck to his definitions, or has not laid down 
true premises; or el^ that he has drsLvm false conclusions 
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from true principles ; and in case we are able to do neither 
of these, we must acknowledge the truth of what he has 
proved. 

It is true that in mixed mathematics when we reason ma- 
thematically upon physical subjects, we cannot ^ve such just 
definitions as the geometricians; we must thereiore rest con- 
tent with descriptions, and they will be of the same use as 
definitions, provided we are consistent with ourselves, and 
always mean the same thing by those terms we have once 
explained. 

The term geometry literally and primarily signifies mea- 
suring of the earth, as it was the necessity of measuring the 
land that first gave occasion to contemplate the principles and 
rules of this art, which has since been extended to number- 
less other speculations; insomuch, that together with arith- . 
metic, geometry, as I have already observed, forms now the 
chief foundation of all mathematics. 

Herodotus ascribes the invention of geometry to the Egyp- 
tians, and asserts that the annual inundations of the l^Ue 
gave occasion to it; for those waters bearing away the bounds 
and landmarks of estates and farms, covering the face of the 
ground uniformly with mud, the people, he says, were obliged 
every year to distinguish and lay out their lands by the con- 
sideration of their figure and quantity, and thus by expe- 
rience and habit they formed a method or art which was the 
origin of geometry. A further contemplation of the draughts 
of figures of fielcU, thus laid down and plotted in proportion, 
might naturally lead them to the discovery of some of their 
excellent and wonderful properties; which speculation con- 
tinually improving, the art continually gained ground, and 
made advances more and more towards perfection. 



LESSON THE FIRST. 

1. Geometry is the science of local extension, as of 
lines, surfaces, and solids, with that of ratios. 

2. The term geometry literally signifies measuring the 
earth, to which it was first applicable; but it has long: 
since been regarded as the foundation of all mathematical 
knowledge. 

3. The invention of geometry was occasioned by the 
inundations of the Nile, which every year washed away 
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the boundaries of lands, covered their surface with mud, 
and obh'ged the proprietors to lay new claims, by the 
consideration of the figure and extent of their property. 

4. Geometry is distinguished into theoretical and 
practical. 

5. Theoretical or speculative geometry treats of the 
various properties and relations in magnitudes, demon- 
strating theorems, &c. 

6. Practical geometry is that which applies those 
speculations to die uses of Ufe in the solution of pro- 
blems. 

7. Elementary geometry is that which is employed 
in the consideration of right hnes and plane surfaces, 
with the solids generated from them. 

8. Geometry depends wholly on definitions and 
axioms. 

9. Tlie definitions in geometry are clear, plain, and 
universal, such as 

" A point has neither parts nor magnitude." 

" A line is length without breadth or thickness." 

"A surface has length and breadth only." 

''A solid is any thing that has length, breadth, and thick- 



" An anffle is an opening or inclination of two lines meet- 
ing in a pomt." 

"If one line standing on another, makes the angles on 
both sides equal, those angles are right angles, and the line 
standing on the other is a perpendicular to that on which it 
stands.'^ 

''A triangle is a plain figure, bounded by three lines or 
sides." 

" A circle is a plain figure bounded by a curve line, called 
the circumference, every part of which is equally distant firom 
a point within, called the centre," &c. &c. 

10. An axiom is a manifest truth not requiring any 
demonstration : as the following 

Examples. — " Things equal to the same thing are equal to 
one another." " The whole is greater than any of its parts, 
and equal to all its parts." '' Magnitudes which coincide with 
one another, or which exactly fill the same space, are equal to 
one another." " If equal thmgs are taken from equal things, 
the remainders are equal." &c. 
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QUESTIONS FOR EXAMINATION. 

1, What 18 geometry 1 

2. From whence was the term derived ? 

S. What wa;i tlie occasbn of the ioventioa of gaometrj? 

4. How is geometry didtinguisbed ? 

5. What is meant by theoretical geometry % 

6. What is the practical geometry? 

7. What is meant by elementary geometry ? 

8. On what does geometry depend? 

9. How are the definitions in geometry charactomad ? 
How is a point defined ? 

What is the definition of a line ? 

What is a surface ? 

What is a solid I 

What is a triangle? 

How is a circle defined X 
10. What is an axiom ? 
Give the examples of axioms. 



LESSON THE SECX)ND. 

1. Postulates are things required to be granted as 
true, or possible, before we proceed to demonstrate a 
proposition. 

Examples. — " Let it be granted that a straight line may be 
drawn from any one point to any other point." " Or that a 
straight line may be produced to any length." " Or that a 
circle may be described from any centre." 

2. A proposition is when something is proposed either 
to be done, or to be demonstrated, and is either a pro- 
blem or a theorem. 

3. A problem is something proposed to be done. 
Example L To divide a given line A B fig. 3. into two 

equal parts. 
e 

y 

^^ Fig. 8. From the points A and B as centres, and 

with any opening of the compasses greater 

B B than half A B, describe arcs cutting each 

other in c and d^ and draw the line c c2, and 

the point £ where the line c d i cuts AB is 

"vj/ the middle point required. 
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Ex. 2. — ^To raise a perpendicular to a given line, G D, at A. 
^ * ^ Take any two equal distances Ab.Ad, 

' Fig. 4. *°d ^ro™ ^^^ points b and d with any 
opening of the compasses greater than 
b A, describe the arcs cutting each other 

1> in c, and draw the line A e, which is 

h Ad perpendicular to C D. 

Example 3. — ^To bisect the angle B, or to divide it into two 
equal angles. Fig. 5. 



From the point B, with any radius, describe the 
are A C, and from the points A and C, with the 
same radius, describe the arcs cutting one another 
at Ift snd draw b B, which will bisect the angU 
ABC. 




A A -^ C 



Fig'^ 




Example 4. — ^To describe an equilateral triangle, ABC, that 
is a triangle whose three sides are equal to a given line. Fig. 6. 
Fig, 6. C 

Let A B be the given line : from the points 
A and B, with an opening of the compasses 
equal to A B, describe the arcs cutting each 
other in C, and from the point of intersection 
draw A C, and C B, and the thing is done. 

Example 6. — To describe a triangle whose sides shall be equal 
to three given lines, fig. 7. Let the lines be A B C. 
Fig. 7. C 

Take B as the base AB, then from A, 
with an opening of the compassses equal to 
C, and from B with an opening of the com- 
passes equal to A, describe the arcs cutting 
one another in C ; draw the lines C A and 
C B, and the thing is done. 



Example 6. — ^Throueh a given point C to draw a line parallel 
to a given line, A D. Fig. 8. 




Fig. 9. 



Take any point p, in A D : 
upon p and C, with the dis- 
tance p C, describe two arcs 
C e antf p q, cutting the line 
A D in /> and c, — Make pq 
equal to Cc, and through 



the points q and C draw a line which will be parallel to A D, 
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Ex. 7-— To describe a square on a given line, A B. Tig. 9. 
C Fig. 9. 



D 

i 



RaiM a perpendicular at each end of the line 
A B equal to its length, and draw C D, and the 
thing is done. 





: — h 

Example 8. — ^To find the centre C of any circle. Fig. 10. 
D 

Draw a chord, A B, at pleasure, hisect it in d, 
with the diameter D £, which diameter being bi- 
sected give C as the centre. 

Fig. 10. 

Example 9. — ^To inscribe a square in a given circle. Fig. 11. 
D 

Draw the diameter AB, and through C 
draw D £ perpendicular to A B, and join A D, 
D B, B £, and £ A, which will form a square. 

Fig 11. 

Example 10. — In a given circle to describe a regular polygon. 

Divide the circumference of the circle into as many equal 
parts as there are sides in the polygon, and join the points of 
division. 

4. A theorem is something proposed to be demon- 
strated. 

5. A corollary is a consequent truth, deduced from 
some preceding truth or demonstration. 

[We shall give an example or two of theorems.] 

It is found by mathematical demonstration, 

(1.) That one line standing upon another makes with it two 
angles, equal to two right angles. 

(2.) That if one side of a triangle be produced, the external 
angle will be equal to both the internal and opposite angles. 

(3.) That the three angles in every plane triangle are equal 
to two right angles. 

These, with the method of bisecting an angle [See p. 171] 
may be considered as introductory to the famous theorem, 
commonly known as the ''pons assinorum," or asses' bridge, 
so denominated from its difficulty in the common Elements 
ofEudid: this is. 
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(4.) The angles at the hase of an isosceles triangle, ABC, 
(that is, of a triangle whose two legs A B and B C are equal) 
are equal to each other. Fig. 12. 
B 

Demonstration. — Bisect the angle ABC 
by the line B D, then the triangle A B D and 
B D C having the side A B « B C, B D 
common and the angle A B D = C B D, 
will also hare the angle A equal to the 
angle C* For if the triangle BCD were 
to turn on B D as on a hinge, it would 
be found that it exactly coincided with 
B- \ F the triangle A B D in all its parts. 

Fig. 12. 

The corollaries to this theorem are: (1.) That the line 
which bisects the vertical angle of an isosceles triangle, bisects 
the base, and is perpendicular to it. (2.) That every equi- 
lateral triangle is hkewise equiangular. (3.) If the sides of 
an isosceles triangle be produced to E and F, the angles under 
the base are equd, that is, EAD = FCD: because the line 
D A falling upon B £ makes two angles, 
B AD-i- E AD = two right angles. 
BCD + FCD = two right angles for the same reason. 

Taking away therefore B A fi = B C D, and the remainders 
E AD and F C D are equal. 



(5.) In any right an- 
gled triangle', A B C, the 
squares upon the sides 
A B and B C, fig. 13, 
taken together, are equal 
to the square on the hy- 
pothenuse A C. This is 
called the Pythagorean 
theorem, because Pytha- 
goras is said to have of- 
fered to the gods 100 
oxen as a sacrifice, in 
gratitude for the dis- 
covery. 

Fig. 13. 

The geometrical proof of this theorem is too difficult for a 
work of this kind, we shall therefore substitute an arithmeti- 
cal solution : suppose the side AC = 6, BC =» 4, AB » 3, 




^Z-ii-J... 



Digitized by LjOOQ IC 



174 GXOHXTBY. 

theii5* = 4* + 3',or25»16 + 9, andsoit isdiewn in the 
adjoinine figure. 

Corollary. Hence the sqnare upon either of the aides AB, 
rar B C, including the right angle, ia equal to the difference of 
the squares of the hypothenuse and the other side : or equal 
to a rectangle, contained under the sum and difference of the 
hypothenuse and the other side : thus 

4« = 6-j--.3» o r 16 = 25 — 9 

4« = 5x 3x5 — 3 = 8X2=16. 
6. Upon geometry depend the sciences of trigono- 
metry, mensuration, &c. 

QUESTIONS FOR EXAMINATION. 

1. What are postulates ? 
Gi^e the examples. 

2. What i:i a proposition? 
S- What is a problem? 

How do you divide a given line into two equal parts ? 
How do you erect a perpendicular on a given line. 
In what manner do you bisect a given angle ? 
How do you describe an equilateral triangle? 
How do you describe a triangle whose sides shall be equal to 
three given lines ? 

How do you draw a line parallel to a given line? 

How do you de^icribe a square on a given right linet 

How do you find the centre of a circle ? 

How do you inscribe a square in a circle? 

How do you inncribe a regular polygon in a circle? 

4. What is a theorem ? 

5. What is a corollary? 

What is proved respecting one line standing upon another? 
What is the external angle, made by producing one side, 
equal to ? 

What are the three angles in a triangle equal to ? 

What does the pons-assinorum prove ? 

How is it demonstrated ? 

What are the corollaries deduced from it? 

What is the Pythagorean theorem? 

Give the arithmetical proof. 

What is the corollary deduced from it? 

6. What sciences depend on geometry t 
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MATHEMATICAL ARTS AND SCIENCES. 

TRIGONOMETRY, MENSURATION^ CONIC SECTIONS. 

*' It must be remembered that mathematical science, learning, art, or 
whatever we chouse to call it, is wholly of human creation or inven- 
tion, as much as a rule, compass, quadrant, or any philosophical in- 
strument, apparatus, or method whatever. It hatt no protutype in 
nature: it Ui merely a piiilosophical contrivance for the purpose of 
better understandin*; and interpreting nature, or of becoming mure ac- 
curately and intimately acquainted with her." — London Mncyclopadia, 

Trigonometry, or the art or science of measuring angles 
or sides of triangles, or the solution of triangles, is founded 
on the mutual proportions which subsist between the sides 
and angles of triangles; which proportions are known by 
finding %lie relations oetween the radius of a circle, and cer- 
tain other lines drawn in and about the circle, called chords, 
sines, tangents, and secants. The manner they are continued 
the pupil will understand, if he consults the figure 14. The 
proportion of the sines, tangents, &c. to their radius, is 
sometimes expressed in common numbers, and then called 
natural sines, tangents, and secants; sometimes in logarithms, 
and then called artificial sines, &c.; and sometimes actually 
laid down upon a scale, by which and a pair Of compasses 
any problem in trigonometry ean be wrought; though not by 
any means so correct, as by logarithms, which are arranged 
on tables for use, and which plan I recommend above all 
others to the student as most correct : and with this brief 
notice of Trigonometry I will at once refer him to the lessons. 
Of Mensuration, a much more extended description 
must be given, and first: — ^the term in general denotes the 
•act or art of measuring lines, superfices, and solids; and it is, 
next to arithmetic, a subject of the greatest use and import- 
ance, both in afiimrs that are absolutely necessary in human 
life, and in every branch of mathematics ; a subject by which 
sciences are established, and commerce is conducted; by 
whose aid we manage our business,' and inform ourselves of 
the wonderful operations in nature ; by which we measure 
the heavens and the earth, estimate the capacities of all vessels 
and the bulk of all bodies, guage our liquours, build edifices, 
measure our lands and the works of artificers, buy and sell 
«n infinite variety of things necessary in life, and are sup- 
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plied with the means of making the calculations which are 
necessary for the construction of all machines. 

It is evident that the close connection of this subject with 
the afiairs of men would very early evince its importance to 
them ; and accordingly the greatest among them have paid 
the utmost attention to it ; and the chief and most essential 
discoveries in geometry in all ages have been made in con- 
sequence of their efforts in this subject. Socrates thought 
that the prime use of geometry was to measure the ground, 
andj indeed, as we have in the preceding lessons seen, this 
business gave name to the subject ; and most of the ancients 
seem to have had no other end besides mensuration in view 
in all their geometrical disquisitions. Euchd's Elements are 
almost entirely devoted to it; and although there are con- 
tained in them many properties of geometrical figures which 
may be appUed to other purposes, and, indeed, of which the 
moderns have made the most material uses in various disqui- 
sitions of exceedingly different kinds, notwithstanding this, 
EucUd himself seems to have adapted them entirely to this 
purpose ; for, if it is considered that his Elements contain a 
continued chain of reasoning and of truths, of which the 
former are successively applied to the discovery of the latter: 
one proposition depending on another, and the succeeding 
propositions still approximating towards some particular ob- 
ject, near the end of each book. And when at last we find 
that object to be the quality, proportion, or relation, between 
the magnitudes of figures both plane and soUd, it is scarcely 
possible to avoid allowing this to have been EucUd's grand 
object. Accordingly he determined the chief properties in 
the mensuration of rectilineal plane and solid figures ; and 
squared all such planes, and cubed all such soUds. The 
only curve figures which he attempted besides, are the circle 
and sphere; and when he could not accurately determine 
their measures, he gave an excellent method of approxima- 
ting to them, by showing how in a circle to inscribe a regular 
polygon which should not touch another circle, concentric 
with the former, although their circumferences should be 
ever so near together. But although he could not square 
the circle, nor cube the sphere, he determined the proportion 
of one circle to another,* and of one sphere to another, as 
well as the proportions of all rectilineal and similar figures 
to one another. 

Archimedes took up mensuration where Euclid left it. 
He was the first who squared a curvilineal space. In his 
time the conic sections were admitted in geometry, and he 
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applied himself closely to the measurii^ of them, as well as 
other figures. Accordingly he determined the relations of 
spheres, sphenods, and coniods, to cylinders and cones; and 
the relations of paraholas to rectilineal planes, whose qua- 
dratures had long hefore heen determined by £uchd. He 
has left us also his attempts upon the circle ; ne proved that 
a circle is equal to a nght-angled triangle, whose base is 
equal to the circumference, and its altitude equal to the 
radius ; and consequently that its area is found by drawing 
the radius into half the circumference; and so reduced the 
quadrature of the circle to the determination of the ratio of 
the diameter to the circumference ; but which, however, has 
not yet been found. 

Throughout the whole of the works of this great man, 
which are chiefly on mensuration, he every where discovers 
the deepest design, and displays the finest invention; and 
seems to have been, with EucUd, exceedingly careful of ad- 
mitting into his demonstrations nothing but principles per- 
fectly geometrical and unexceptionable; and although his 
most general method of demonstrating the relations of curved 
figures to straight ones, is by inscribing polygons in them, 
yet to determine those relations, he does not increase the 
number and diminish the magnitude of the sides ad-ir^nitum: 
but for this plain fundamental principle, allowed in £udid's 
Elements, viz. that any quantity may be so often multiphed, 
or added to itself, as that the result shall exceed any pro- 
posed finite quantity of the same kind, he proves that to 
deny his figures to have the proposed relations, would in- 
volve an absiurdity. 

Several other eminent men among the ancients wrote upon 
this subject, both before and after £uchd and Archimedes. 
Among these are to be reckoned Hippocrates, Plato, Apollo- 
nius, Philo, and Ptolemy; most of whom wrote of the qua- 
drature of the circle : and those after Archimedes by his 
method, usually extended the approximation to a greater 
degree of accuracy. Many of the modems have also prose- 
cuted the same problem of the quadrature of the circle, after 
the same methods, to greater lengths. 

Hence it appears, that all or most of the material improve- 
ments or inventions in the principles or methods of treat- 
ing of geometry, have been made especially for the im- 
provement of this chief part of it — mensuration; which abun- 
dantly shews the dignity of the subject: a subject which, as 
Dr. !Barrow says, a&r mentioning some other things, " de- 
serves to be more curiously weighed, because from hence a 
K 
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name is imposed upon that mother and mistress of the rest 
of the mathematic»l sciences, which is employed about mag- 
nitudes, and which is wont to be called Gbombtby, (a word 
taken from antient use, because it was first applied only to 
measuring the earth, and fixing the limits of possessions) 
though the name seemed very ridiculous to Plato, who sub- 
stitutes in its place the more extensive name of Metrics, or 
Mensuration; and others after him give it the title of 
pantometry, because it teaches the method of measuring all 
tunds of magnitudes.'* 

Conic Sections, are the figures formed by cutting a 
cone by a plane : an(^ as the student will perceive by the 
lessons, they are five in number, correspomung to the dif- 
ferent positions of the cutting plane, ana that the last three 
are particularly and peculiany called conic sections. The 
more ancient geometncians admitted only the right cone into 
their geometry, and they supposed a section made of it b^ a 
plane perpenmcular to one of its sides ; and as the vertical 
angle of a right cone may be either right, acute, or obtuse, 
this method of cutting these several cones produced all the 
three conic sections. 

There have been two methods employed in treating of the 
conic sections $ by the one they are considered as cut out of 
the solid cone, which is the method of the ancients, and 
some of the most elegant writers of the modems; and by 
the other method certain curves are defined, either from 
some property by which any number of points may be found 
in them, or else by which they may be described mechani- 
cally upon a plane; or they are defined by means of an 
algebraical equation; and in either case these curves are 
shewn to have the very same properties as those which are 
formed by the intersections or a plane and cone. Each of 
these methods has its advantages ; although some of the de- 
monstration writers who have treated the subject geometri- 
cally by the latter be short and perspicuous, yet there are 
others upon which depend some of the principial properties, 
that are tedious and difiicult. The demonstrations of writers 
who have pursued the first method, are free from this ob- 
jection, being ^nerally plain and concise; but they have 
been obl^d to mtroduce so many previous propositions con- 
cerning the properties of lines touching and cutting conical 
surfaces, in order to arrive at the principal properties of the 
three sections, that it requires a considerable portion of time 
and resolution for a begmner in mathematical studies to go 
through them. 
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The conic sections are of great use in physical and geome- 
trici^ astronomy, as well as in the physico-mathematical 
sciences, and therefore thej; have been much cultivated ever 
since their great importance in these sciences has been known. 
The Abb^ Boscovich has deduced the properties of the conic 
sections in a very elegant manner, from a property common 
to them all : and the same method has also been followed by 
the Rev. T. Newton, of Jesus College, Cambridge, in a very 
neat treatise upon the subject. 



TRIGONOMETRY. 



LESSON THE FIRST. 

1. Trigonometry is the science which teaches how 
to measure the sides and angles of triangles ; it is either 
plane or spherical. 

2. Plane trigonometrytreatsof the analogies of plane 
triangles, and of the methods of determining their sides 
and ang es. 

Illustration. — ^For the purpose of tri^nometry it is not 
only re(}uisite that the peripheries of curcles, but also that 
certain right lines in and about a circle, should be divided into 
some assigned number of equal parts. These lines are denomi- 
nated sines, tangents, secants, &c. 

3. The sides of plane triangles may be estimated by 
inches, feet, yards, &c. or by abstract numbers ; but the 
angles are measured by the arcs of a circle contained by 
the two legs, having the angular point for its centre. 

4. Every circle is supposed to be divided into 360 
equal parts called degrees ; each degree into 60 equal 
parts, called minutes; and each minute into 60 equal 
parts, called seconds. Degrees, minutes, and seconds 
are marked at the tops of the figures by which the arc 
is denoted, thus 12® 2' 22" means twelve degrees, two 
minutes, and twenty-two seconds. 

5. An angle is said to be of as many degrees, mi- 
nutes, seconds, &c. as are contained in the arc or part 
of the circumference by which it is measured. 

d* A right angle is measured by the fourth part of 
k2 
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the circumference or 90**: an obtuse angle is greater 
than a right angle; and an acute angle is less than a 
right angle. 

7. The difference of an arc from 90® is called its 
complement; that is, in an arc or angle of 35**, the 
complement is 55^, A B, in figure 14, is the comple- 
ment of H B. 

8. The difference of an angle from 180" is called its 
supplement : thus A B is the supplement of B D, the 
one being 55^ and the other 125®. 

Fig. 14. o 

9. A chord or subtense of an arc is 
a right line drawn from one extremity 
of an arc to the other : thus B E is 
the chord or subtense of the arc B AE 
or B D E. 

10. The sine, or right sine, of an arc is a right line 
drawn from one extremity of the arc perpendicular to 
the diameter passing through the other extremity : B F 
is the sine of the arc A B or B D. 

11. The versed sine of an arc is the part of the 
diameter intercepted between the arc and its sine : A F 
is the versed sine of A B, and D F of the arc D B. 

12. The co-sine of an arc is the part of the diameter 
intercepted between the centre and the sine, and is equal 
to the sine of the complement of that arc; thus C F is 
the co-sine of the arc A B, and is equal to B I, which 
is the sine of its complement. 

] 3. The tangent of an arc is a right line touching 
the circle in one extremity of that arc, and continued 
from thence to meet a line drawn from the centre 
through the other extremity, which line is called the 
secant of the same arc : thus AG is the tangent, and 
C G the secant of the arc A B. 

14. The co-tangent and co-secant of an arc, are the 
tangent and secant of the complement of that arc; thus 
H K and C K are the co-tangent and co-secant of the 
arc A B. 
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15. The lines above described belong equally to an 
angle as to the arc by which it is measured : and all 
of them, except the chords and versed sines, are common 
to two arcs and angles, which are the supplements of 
each other. 

Example. — If the sine, tangent, &c. of an arc above 90" are 
required, it is the same thing to find the sine, tangent, &c. of 
its supplement, or what it wants of 180<»: that is, the sine, 
tangent, &c. of 105® is the same as the sine, tangent, &c. of 75®. 

16. These Hues are called the natural sines, tangents, 
&c. of the arcs or ans^les to which they belong : and the 
logarithms of the numbers by which they are represented, 
are the logarithmic sines, tangents, &c. 

17. Tables are calculated to a given radius, &c. 
every degree, minute &c. of the quadrant or 90®. The 
natural sines, tangents, &c. are calculated to a radius 
of 1 ; but the logarithmic sines, tangents, &c. are cal- 
culated to a radius of 10,000,000,000, or 1 with ten 
ciphers, so that the latter are the logarithms of the 
former, with ten added to the index. 

QUESTIONS FOR EXAMINATION. 

, 1. What does trigonometry teach? 

a. Of what does plane trigonometry treat 1 
Give the illustration. 

3. How are the sides and angles of plane triangles estimated ? 

4. How is every circle supposed to be divided, and how are the 
degrees, &c. marked? 

5. How is an angle measured ? 

6. What are right, obtuse, and acute angles ? 

7. What is meant by the complement of an arc or angle ? 

8. What is meant by the supplement of an arc or angle ? 

9. What is the chord or subtense of an arc or angle ? 

[This and the following questions should be answered by- 
references to the figure.] 

10. What is the sine of an arc or angle ? 

11. What is the versed sine of an arc? 

12. What is the co-sine of an arc? 

13. What is the tangent of an arc, and what the secant? 

14. What are co-tangents and co-secants? 
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15. To what do these lines belong, and which of them are 
common to two arcs? 

Give the example. 

16. What are these lines called 1 

17. How are tables calculated t 



LESSON THE SECOND. 

1 . In every plane triangle three things must be given 
to find the rest, and of these three, one at least must 
be a side. 

2. 1 1 every right-angled triangle, if the hypothenuse 
or longest side be made the radius of the circle, the 
other two sides, or legs, will be sines of the opposite 
angles; but if either of the legs, including the right 
angle, be made radius, the other leg becomes the tan- 
gent of its opposite angle, and the hypothenuse the 
secant of the same angle. 

If in the triangle ABC the 
hypothenuse A B is made the ra- 
dius, B C will be the sine of the 
angle A, and A C the sine of the 
angle B. But if AC be made 
radius, then B (' becomes the tan- 
\ gent of the angle A, and A B the 

Fig. 15. C ^ ««^«'**- 

3. All the cases of plane trigonometry may be re- 
solved either by geometrical construction, by arithme- 
tical computation, or instrumentally. 

Example. — By geometrical construction. Lay down the 
known side or sides by a scale of equal parts, and the angle 
by means of a protractor, and then measure the unknown 
parts by the same scale or instrument from which the others 
were taken. 

4. In a right-angled triangle two sides must always 
be given, or all three angles and one side, to find the 
rest. 

Example. — By calculation. To find B C we should say as 
Radius : 92 : : Sme of d8<» : BC. 
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If the side A C were reouired, then since the an^^le A is 38^, 
the angle B must be 52^, because the angle C being a right 
angle, the other two taken together must be equal to a right 
angle, or 90^, and we should say as 
Radius : 92 : : Sine of 62« : AC. 

5. The sides of any plane triangle are to each other 
as the sines of their opposite angles. 

Example (1.) — ^To find an angle: We say, "as any side is 
to the sine of its opposite angle, so is any other side to the 
sine of its opposite angle.'' 

(2.) To find a side : we say, " As the sine of any angle is to 
its opposite side, so is the sine of any other angle to its oppo- 
site side." 

[There are other cases according to the parts given, but as 
these involve more difficulties they are passed over; we shall 
conclude with referring to a few other properties of triangles, 
in addition to those already noticed.] 

6. The perpendiculars bisecting the three sides of a 
triangle, all intersect in one point, and that point is the 
centre of the circumscribing: circle. 

Corollary. — Hence a circle may be drawn through any three 
points not in a straight line. 

7. Three lines bisecting the three angles of a tri- 
angle, all intersect in one point, and that point is the 
centre of the inscribed circle. 

8. The area of any triangle is found by multiplying 
the base by the altitude, and taking half the product. 

9. In a right-angled triangle, if a perpendicular be 
let fall from the right angle upon the hypothenuse, it 
will divide it into two other triangles similar to one 
another, and to the whole triangle. 

QUESTIONS FOR EXAMINATION. 

1. What things are necessary to be known in triangles to find 
the rest ? 

S. If in a right-angled triangle the hypothenuse is made radius, 
what are the legs ? 

Explain this by the example. 

3. How can the cases in plane trigonometry be resolved t 

4. What are required to be given in the solution of right-angled 
triangles ? 

Give the example. 
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5. Wbat is the general rule respecting the sides of any plane 
triangle ? 

Give the examples. 

6. What will be the resulting consequence of three perpendicu- 
lars bisecting the sides of a triangle ? 

What is the corollary deduced from it ? 

7. Wbat will be the resulting consequence of three lines bisect- 
ing the three angles of a triangle ? 

8. How is the area of a triangle found ? 

9* What happens when a perpendicular is let fall from a right 
angle to the hypothenuse of a right angled-triangle ? 



MENSURATION. 



LESSON THE FIRST. 

1 . Mensuration is the art of ascertaining the con- 
tents of superficial areas, or planes, and of solids : it is 
also applied to determine the lengths, heights, depths, 
or distances of bodies and objects. 

2. Accessible lines are measured by applying to them 
some certain measure, as an inch, a foot, a chain, &c, 
a number of times. 

3. Inaccessible lines must be measured by angles 
which are taken with a quadrant divided into degrees, 
minutes, and seconds. 

4. The measure of a plane figure is called its area, 
which determines the extension of bodies as to length 
and breadth. 

5. The area of a figure is the measure of its sur&ce 
without any regard to its thickness. 

6. The surfaces of bodies ai*e measured by squares, 
as square inches, square feet, square yards, &c. that 
is, by squares whose sides are inches, feet, yards, &c. 
according to the following : 
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TABLE. 
144 square inches make 1 square foot. 



9 
SOi 
16 
40 
10 
640 
4840 



feet 

yards 

poles 

poles 

chains, 

acres 

yards 



yard. 

pole. 

chain. 

rood. 

roods, 1 square acre. 

mile. 



7. The area of a parallelogram, whether it be a square, 
rectangle, rhombus, &c. is found by multiplying the 
length by the perpendicular height. 

Example 1. — ^For how many yards of painting shall I have 
to pay for a room, of which the two sides are 20 feet by 12, 
and the two ends 16 by 12. 

20 X 12 = 240 
16 X 12 = 192 

432 
Therefore 432 X 2 = 864 number of feet in the sides and 
ends of the room, which divided by 9 gives the number of 

yards, or -^r- = 96 yards. 

Example 2. — How many square feet are there in a table 
12 feet long, and 6i broad. Ans. 12 x 6i = 66 feet. 

Example 3. — How many acres are there in a field that 
measures 14 chains in len^h, by 12^ in breadth. 14 X 12^ 
= 176, which divided by 10 gives 17i acres for the answer. 

8. The area of a triangle is found by multiplying one 
of its sides by the perpendicular let fall upon it from its 
opposite angle, and dividing the product by 2. 

Example. — How many square feet are there in a triangular 
hip of the roof of a house, whose base is 20 feet, and perpen- 
dicular 16 feet. Ans. ^ = 160 feet. 

9. All right line figures may be measured in the 
same manner, because tliey may all be divided by hues 
into parallelograms or triangles. 

10. A four-sided figure will be divided into two 
triangles by one line connecting the opposite angles ; a 
five-sided figure by two lines, making three triangles; 
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a six-sided figure will require three diagonals, which 
will maki four triangles, and so on. 

11. The circumf rence of a circle is found by multi- 
plying the diameter by 3,1416. 

Example. — If the diameter be 7> the circumference is 
3.1416 X 7 = 21.9912, or 22 nearly. 

Corollary. — Hence the diameter of a circle is to the cir- 
cumference as 7 to 22, which is sufficiently accurate for all 
common purposes. 

12. The area of a circle is found by multiplying the 
square of the diameter by .7854, and the product will 
be the area. 

Example. — ^What is the area of a circle whose diameter is 
50 yards. Ans. .7864 + 50« = .7854 X 2500 = 1963* yards. 

QUESTIONS FOR EXAMINATION. 

1. What is mensuration, and to what is it applied ? 

2. How are accessible lines measured ? 

3. How are inaccessible lines measured? 

4. What is the area of a figure, and what does it determine ? 

5. What is the area of a figure '! 

6. How are surfaces of bodies measured ? 
Repeat the table. 

7. How do you find the area of a parallelogram ? 
Work the examples. 

8. How is the area of a triangle found? 
Give the example. 

9. In what way are other right lined figures measured ? 

to. Into how many triangles can a four-sided, five-sided figure, 
&c. be divided ? 

11. How is the circumference of a circle found? 

Give the example. 

What corollary is deduced from this ? 

19. How is the area of a circle found? 

Give the example. 



LESSON THE SECOND. 

1 . A solid is a figure that has length, breadth, and 
thickness, and its measure is called the solidity, capa- 
city, or contents. 



Digitized by V^jOOQ IC 



MENSURATION. 187 

2. Solids are measured by cubes, whose sides are 
yards, feet, inches, &c. and the solidity, capacity, or 
contents of a body is said to be so many cubical inches, 
feet, &c. 

TABLE. 

1728 cubical inches make 1 cubical foot. 

27 .. feet ..1 .. yard. 

166} . . yards . . 1 . . pole. 

64000 . . poles . . 1 . . furlong. 

512 . . furlongs . . 1 . . mile. 

3. A prism is a solid whose ends are any plane 
figures which are equal and similar, and its sides are 
parallelograms. 

4. A cube is a square prism having six sides, which 
are all equal and squares. 

5. The solidity or content of a cube is found by mul- 
tiplying the area of the base by the height. 

Example 1 . — How many cubical feet are there in alblock of 
stone whose sides are 45 inches long: and what does it weigh, 
supposing there are 16 feet in a ton? 

45 X 45 = 2025 = area of the base. 
2025 X 45 = 91125 = cubical inches, and 
91125 
-yjnQ = ^2.73 cubical feet, or nearly 52f cubical feet. 

52 73 
And its weight -^V- = 3i tons. 

Example 2. — ^What is the contents of a leaden water cistern, 
in cubical inches, and also in gallons, which is 3 feet long, 
2 feet wide, and 2]^ deep? 

3 X 2 = 6 feet = area of the base. 

6 X 2i = 15 feet = cubical contents in feet. 
16 X 1728 = 25920 = cubical inches. 

And since 282 cubical inches = 1 gallon, 
,, . 25920 ^„ ,, 
therefore — ^oo = 92 gallons nearly. 

6. A cylinder is a round prism, which has two equal 
circles for its ends : and to find its contents we mul- 
tiply the diameter of its end by 3.1416, which gives its 
circumference, and this by .7854, which gives the area 
of the base, and this product by its height gives the 
sohd contents. 
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Example. — ^What is the contents of a cylinder 15 feet high, 
and the diameter of the hase 3 feet? 
Answer 3 X 3.1416 = 9.4248 
9.4248 X .7864 = 7.4 
7.4 X 16 = 111 cubical feet. 

7. A pyramid is a solid whose sides are triangles 
meeting in a point at the top, and the base is any plane 
figure. 

8. To find the contents, " Multiply the base by the 
perpendicular height, and take one- third of the product." 

Example. — ^What are the solid contents of a square pyramid 
whose height is 30, and each side of its base 3 feet? 
. 3 X 3 = 9 = area of base. 
9 X 30 -T- 3 = 9 X 10 = 90 feet. 

9. A sphere is a soUd bounded by one continued 
convex surface, every point of which is equally distant 
from a point within, called the centre. 

10. To find the solid contents of a sphere, ** Mul- 
tiply the surface by one-third of the radius, and the 
product will be the solidity;" or " Multiply the cube of 
the diameter by .5236 for the solidity." 

Example. — ^What are the solid contents of the earth, sup- 
posing its diameter to be 8000 miles in length ? 
8000 X 8000 X 8000 = 612,000,000,000 and 
612,000,000,000 X .6236 = 268,083,200,000 miles. 

11. The circumference of an ellipse is found by multi- 
plying the sum of the two axes by -^ — or by 1.5708. 

Example. — ^The ci rcumferen ce of an ellipse whose diameters 
are 9 and 7, is equal 9 + 7 X 1.6708 = 
16 X 1.6708 = 26.1328 answer. 

12. The area of an ellipse is found by multiplying 
the product of the two axes by .7854. 

Example. — Suppose the axes of the ellipse to be 9 and 7 : 
then 9 X 7 X .7864 = 63 X .7864 = 49.48 answer. 

13. The length of any arc of a circle is equal to eight 
times the chord of half the arc, minus the chord of the 
whole arc, and the remainder divided by 3. 
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Supposing the chord of the whole arc to he A and that of 

half the arc to he a, then the arc itself will be 5 , 

14. The concave or convex surface of an arched 
ceiling is equal to the length of the arch, multiplied by 
the length of the ceiling. 

Example. — ^To find the concave surface of a circular ceiling 
26 feet long, and whose arch is represented by figure 16. 

^ Here the chord of the whole are is 

^^""^7: ^^\ 13 f®«t, and the perpendicular is 3 

/ /' j \ feet ; then the chord of one-half the 

J/'' Q *lt._\ J •'** rt 6 is equal to n/ bi-* X 3^ = 

FigTlf. 13 ^/'bi^=^^^ nearly. Therefore by 

1 . V / «N , , , . . , 8X7.16 — 13 
the rule given above, (13) the whole a c is equal to ^ 

= 15 feet nearly: of course the surface is 1.5 X 26 = 390 feet, 

or — = 43.33 yards. 

QUESTIONS FOR EXAMINATION. 

1. What is a solid, and what is its measure called? 
3. How are solids measured t 
Repeat the table. 

3. What is a prism t 

4. How is a cube defined ? 

5. How do you find the contents of a cube ? 
Work the examples. 

6. What is a cylinder, and how is it measured ? 
Work the example. 

7. What is a pyramid ? 

8. How are the contents of a pyramid found ? 
Work the example. 

9. What is a sphere ? 

10. How are the contents of a sphere found 1 
Work the example. 

11. How is the circumference of an ellipse found? 
Work the example. 

12. How is the area of an ellipse found? 
• Work the example. 

13. How is the length of an arc of a circle found ? 

14. How is the concave, or convex surface of an arched ceiling 
found ? 

Work the example. 
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CONIC SECTIONS. 



LESSON THE FIRST. 

1. CoKic Sections are such curve lines as are pro- 
duced by the mutual intersections of a plane, and the 
surface of a solid cone. 

2. In different positions of the plane there are five 
different i gures or sections, viz. a "triangle," a " circle," 
an " ellipse," a " parabola," and an " hyperbola." 

3. The ellipse, parabola, and hyperbola, are pecu- 
liarly called conic sections, and the investigation of their 
nature and properties is the business of" Conies." 



Fig, 17 



4. If the catting plane pass tbrough the rertez 
of the cone» and any part uf the base, the seetion 
will be a triangle, as V A B. 



5. If the plane cut the cone parallel to the 
base, or make no angle with it, the section will 
be a circle : as A B D. Fig. 18. 



6. The section D A B is an ellipse, 
and it is formed by cutting the cone ob- 
liquely through both sides. Fig. 19. 
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Fig, 20. 




7. When the cone is cut bj a plane parallel 
to one of its sides the section is a -abola, as 
A D E. Fig. 20. 




8. The section is an hyperbola when the cut« 
ting plane makes a greater angle with the base 
than the side of the cone makes : and if the 
plane be continued, to cut an opposite cone, this 
latter section is called the opposite hyperbola to 
the former : thus £ « <i is opposite to A D £. 
Fig. 21. 

9. The rertices of any section are the points 
where the cutting plane meets the opposite 
sides of the cone, as A and B. Fig. 21. 



Fig. 21. B 

10. The ellipse and opposite hyperbolas have each 
two vertices, but the parabola only one. 

MH 




11. The axis, or transverse dia- 
meter of a conic section is the line 
A B, fig. 22 J B B, fig. 23; and A B, 
fig. 24. 



The centre C is the middle of the 
axis : in the ellipse fig. 22, the centre 
is within the curve: in the hyper- 
bola it is without the curve : but in 
the parabola the centre is infinitely 
distant from the vertex, fig. 23. 



Fig. 28. 
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13. A diameter is any right line, as A B or 
D £, drawn through the centre, and terminated 
on each side by the curve. All the diameters of 
the parabola are parallel to the axis, and infinite 
in length, because there is no termination to the 
line A B, fig. 24. 

Fig. 84. 

14. The conjugate to any diameter is the line drawn 
through the centre, and parallel to the tangent of the 
curve at the vertex of the diameter : thus H I, fig. 22, 
would be parallel to tangents drawn through A or B, 
and G F is parallel to tangents drawn through D and 
£; therefore H I is conjugate to A B, and G F is con- 
jugate to D E. 

QUESTIONS FOR EXAMINATION. 
1. What are conic sections t 

i. How many differi^nt figures arise from the catting of the 
cone, and what are they ? 

3. Which are those that are properly called conic sections, and 
what is the peculiar business of conies ? 

4. How is the triangle formed ? 

5. How is the circle formed ? 
5. How is the ellipse formed ? 

7. How is the parabola formed 1 

8. How is the hyperbola formed ? 

Explain this and the four preceding articles by the figures. 

9. What are the rertices of a section ? 

10. How many vertices have the di^erent sections ? 

11. Point out what is the axis of a conic section ? 

12. What is meant by the centre of a conic section ? 

13. What is meant by the diameter of a conic section 7 

14. What is meant by the conjugate to a diameter? 



LESSON THE SECOND. 

1 . An ordinate to a diameter is a line parallel to its 
conjugate, or to the tangent at its vertex, and termi- 
nated by the diameter and curve: thus D K, EL are 
ordinates to the axis AB; fig. 22, 23, 24: and M N, 
N O, are the ordinates to D E. Ordinates are perpen- 
dicular to their axis. 
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2. An absciss is a part of any diameter contained 
l)etween its vertex and an ordinate to it: thus A K, 
KB, %. 22, are abscisses to the ordinate DK; and 
D N, N E are abscisses to the ordinate N M. 

3. In the ellipse and hyperbola every ordinate has 
two abscisses, in the parabola only one. 

4. The parameter, or latus rectum of any diameter, 
b a third proportional to that diameter and its conju- 
gate: that is, if p = parameter, then fig. 22, AB : 

5. The focus is the point in the axis where the ordi- 
nate is equal to half the parameter ; thus D K, and E L 
are each equal to the semi-parameter. 

6. The ellipse and hyperbola have each two foci, 
but the parabola only one. 

7. The conic sections are allied to each other, so that 
the one may be changed to another, by being increased 
or diminished. 

Illustration. — ^The curvature of the circle is easily made 
to pass into an ellipse: for a circle is a figure drawn firom a 
siagle point within, called the centre: but an ellipse is a 
curved figiu*e drawn from two points within called foci : if 
therefore, instead of a single point, two points be assumed at 
ever so short a distance from the centre, and on each side of 
it, the curve becomes an eUipse. Hence is derived the com- 
mon method of describing an ellipse. 

Take a thread of the length of A B, %. 22, the transverse 
axis, and fix its two ends in the foci K and L by two pins; 
and carry a pen or pencil round by the thread, keeping it al- 
ways stretched, and its points will trace out the curve line. 

QUESTIONS FOR EXAMINATION. 

1. What is the ordinate to a diameter? 
Explain this by the figures. 

2. What is meant by an absciss? 

3. How many abscisses are there to each ordinate ? 

4. What is meant by the parameter of a conic section ? 

5. What is the focus ? 

6. How many foci are there to the several sections ? 

7. In what way are the conic sections allied to each other? 
Give the illustration. 

How is an ellipse described ? 
O 
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ARCHITECTURE. 

ITS ORIGIX AKD HISTORY. 



",Next add our cities of Ulastriotts name, ^ 

Their costly labour, and stupendoua trwme,**'^I>rfden, 

ARCHiTECTtTRE is the art of buOding, or a Bdence wliich 
teaches how to er^ct buildings either for habitatioB or defence. 
The origin of this noble sdence may be traced in the Indian's 
hnt, and the Greenlander's ca^e; they shew the rode begin- 
ning from which it has grown to its jnesent peifection and 
magnificence. It is an art of the first necessi^, and almost 
coeval with the human species. Man from seeking shade 
and shelter under the trees of the forest, soon felt the ne- 
cessity and saw the utility of bending them to more commo- 
dious forms than those in which he found Uiem diqxraed by 
nature. To huts made of trees and Inraiudies leaning together 
at top, and forming a conical figure plastered with mucC nic- 
ceeded mcnre convenient square-roofed habitations. 

This art we are assured is as old as Cain: f(nr Moses telb 
us that he built a city, though what were the materials, or 
how the buildings were constructed, we are entirdy ignorant. 
It is commonly said, that the first materials emploj^ed in 
building were twigs of trees, wherewith men constructed 
huts, such as the wigwams in use among the American Indians. 
This, however, has been disputed. 'Hie natural shelter af- 
forded by hollows in the sides of mountains or rocks, it 
may be supposed, would much more readily surest the idea 
of using stones and earth as materials for buildmg houses. 
Indeed, considering that tents were not invented before the 
days of Jabal, Tubal-cain's brother, it is very probable that 
such temporary houses as the Indian wigwams were not 
orignally known; otherwise the method of covering poles 
with the skins of beasts, instead of small twig branchesy must 
veiy soon have taken place. These temporary houses seem 
to have come into use only when men began to lead an idle 
wandering life, like the Tartars, and could not be at the 
trouble of constructing durable habitations in every place, 
where they were obliged to wander with their cattle; and 
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Jabaly perhaps, thus took the faint of making portable bouata 
or tents. Accordingly we see, that no natum, except those 
who are in a perpetually unsettled state, make use of audi 
wretched matcoials. Even in America, where the human 
race has appeared in tiie rudest form, they were no sooner 
collected into great bodies under the emperors of Mezioo and 
Peru, than stone buildings began to be greeted. We are not 
therefore to look for the origin of architecture in any sin^ 
nation, but in every nation, when the inhabitants be^an to 
leave off their savage way of life, and to become civilised. 
The origin of regular buildinfl; httth been deduced from the 
construction of the meanest huts, in a very natural plausible 
manner, by several authors. 

ViTRUvius,* the learned and celebrated Boman architect, 
writes as follows: '^ Anciently m«i hved in woods, and in- 
habited caves; but in time, taking example perhaps frcnn 
birds, who with great industry built their nests, they made 
themselves huts. At first they made these huts, very jxro- 
bably of a conic figure, because that is a figure of the sim- 
plest structure; and, like the birds whom they imitated, 
cmnposed them of branches of trees, spreading wm wide at 
the bottom, and joining them in a point at the top; covering 
the whole with reeds, leaves, and clay, to screen them from 
tempests and rain. But finding the conic figure inconve- 
nient on account of its inclined sides, they chimged both the 
form and construction of their huts, giving Uiem a cubical 
figure, and building them in the following manner. Havinr 
marked out the space to be occupied by the hut, they fixed 
in the eround several upright trunks of trees to form the 
sides, fijnng the intervals between them witii branches closely 
interwoven and covered with clay. The sides being thus 
completed, four lai^ beams were placed on the upn^t 
trunks; which being well joined at the angles, kept the sides 
firm, and likewise served to support the covering or roof of 
the building, composed of many joists, on which wa[« laid 
several beds of reeds, leaves, and day. Insensibly mankind 
improved in the art of building, and invented methods to 
mike their huts lasting, and handsome, as well as convenient. 
They took off the bark, and other unevennesses, from the 
trunks of trees that formed the sides; raised them probably, 

* Yitruyius, a famous engineer and architect in the time of Julius 
and Augustus Cesar : he wrote ten books of architecture, was patron- 
ized by the emperors, and though employed in few works of magni- . 
fieence, his rules were highly esteemed by the ancients, and are still a 
Standard among the modems. 

O 2 
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above the dirt and humidity, on stones, and covered each of 
them with a flat stone or slate, to keep off the rain. The 
spaces between the ends of the joists were closed with clay, 
wax, or some other substance, and the ends of the joists 
covered with thin boards cut in the manner of tri^lyphs. 
The position of the roof was likewise altered, for bemg, on 
account of its flatness, unfit to throw off the rains that fell in 
great abundance during the winter season, they raised it in 
the middle, giving it the form of a ffable roof, by placing rafters 
on the joists to support the earth and other materials that 
composed the covering. From this simple construction the 
orders of architecture took their rise ; for when buildings of 
wood were set aside, and men beean to erect solid and stately 
edifices of stone, they imitated the parts which necessity had 
introduced into the primitive huts; in so much that the up- 
right trees with the stones at each end of them, were the 
origin of columns, bases, and capitals; and the beams, joists, 
raf^rs, and strata of materials, that formed the covering, 
gave birth to architraves, friezes, triglvphs, and cornices, with 
the corona, the mutules, the modiUions, and the dentils. 
The first buildings were in all likeUhood, rough and uncouth; 
as the men of those times had neither experience nor tools : 
but when by long experience and reasoning upon it, the 
artists had established certain rules, had invented many in- 
struments, and bj great practice had acquired a facility in 
executing their ideas, Jthey made quick advances towards 
perfection, and at length discovered certain manners of build- 
ing which succeeding ages have regarded with the highest 
veneration." 

From the earliest antiquity the Egyptians have been con- 
sidered as the inventors of arts; and in the time of their 
prosperity all nations sought and studied their philosophy 
and their sciences; so that "being learned in the arts of the 
Egyptians" became proverbial. Among other arts derived 
from them, architecture is generally enumerated; but this I 
m)prehend must be understood as meaning only that species 
<« original architecture where the strength of the fabric was 
more regarded than the symmetry. Of this kind are the 
pyramids and the ruins of the magnificent temple at Thebes. 

It is not, therefore, unreasonable to conclude, that from 
Egypt, where the contemporary nations sought the arts and 
studied the sciences, the Greeks derived their first ideas of 
building, but which were so changed and improved by being 
thus transplanted, that it can scarcelv be known from what 
stock they had their origin. The Greeks, anxious to add 
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el^ance to conyenienee, dinregarded the mastiye and pon- 
derous architecture of the £^;yptiant> whose ignorance ot the 
arch made it absolutely necessary for them to have small 
spaces between their columns, and to burden their edifices 
with large and strong architraves. 

This, thereforcx may be considered as the probable track 
by which architecture rose to elegance, for certainly the 
structures of Egypt are much more ancient than those of 
Greece; and as it maybe considered the best character or 
buildings that they provide for the comfort and convenience 
of man, so it must be allowed that the Greeks first rendered 
them productive of ^race, elegance, regularity, and beauty; 
for to the fine eye, skilful hanc^ and sublime ffenius of tliat 
nation, is architecture indebted for its rules of narmony, ele- 
gance, design, and taste of ornament, which began to arrive 
at pexfection under the fostering care of Pericles, which period 
including the reign of Alexander the Great, must be con- 
sidered as its climax of grace, elegance, and b^^, in Greece. 

It is a most indubitable fact, that the mind of man is in- 
fluenced by modes of government: and it is certain that the 
Greeks, with their independence, lost also their superiorvigour 
of genius; and what remained was, with the spoUE of their 
cities, carried to Rome. Hence it is, that from this period 
the Romans are to be considered as the encouragers and pa- 
tronisers of architecture. From this period also its progress 
was great and rapid, though little was done that could be 
remarked for its novelty; but the rules of the Greeks were 
applied to structures so numerous, and of such wonderful ex- 
tent, that we doubt which most to admire, the original in- 
ventors of these sublime rules, or those who applied them to 
such stupendous buildings. 

Although the Romans borrowed their architecture from 
the Greeks, they did not imitate them in the structure of 
their private dwellings in every particular. Their magni- 
ficence, however, in their temples and public buildings, is 
yet to be seen in what remains of them, and which are not 
only models for all modem architects, but have never been 
surpassed, nor even equalled to this day. But though the 
art of architecture continued almost at its highest pitch 
among the Romans for two centuries, it declined exceedingly 
as the empire began to fall. Tacitus relates, that after the 
battle of Actium no men of genius appeared; and after the 
reign of Alexander Severus, a manner of building altogether 
confused and irregular was introduced, wherein nothmg of 
the true graces and majesty of the former was preserved. 
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JJKSON THE FIRST. 

1. Architecture is the art of building, or erecting 
edifices, whether &ir haUtation, ^ worship, for oma- 
nest, or d^^ice. It k divided into civd, military, 
and naval. 

2. Civil architecture, called architecture simply, by 
way of eminence, is the art of constructing edifices for 
the common uses of hfe. 

3. Military architecture is the art of strengthening 
and Ibrtifying places to screen them firom the attacks ($ 
enemies. 

4. Naval architecture, or ship-building, is that sciaM^ 
which teaches the construction of ships and other float- 
ing vessels, with that of ports, docks, &c. 

5. Architecture had its origin in the inclemency of 
the season; it has spread wherever the severities of the 
chmate demand shelter or shade, and may be traced 
in the Indian's hut, and the Greenlander's cave. 

6. The assistance required in meeting the meanest 
residence, was perhaps the first introduction of dv^ 
«dciety. 

7. The earliest efforts are supposed to have gone no 
fiuliier than in bringing together a number of trees or 
large branches, whida (leaning together at the top in 
the form of a cone) were interwoven with twigs, and 
l^tered with mud to exclude the air. 

8. The inconv^iiences of the round habitation is sup- 
posed to have led to the introduction of square build- 
mgs, and of supports for the cross beams which were to 
sustain the roof. The trunks of trees first used as sup- 
ports, gave the rude ideas of columns; these have at 
lengthi produced those pillars from which axe deno- 
minated the orders of architecture. 

9. The orders fcmn the principal parts of the decora* 
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tkms of buildings. Every order con- 
sists of three divisions; the pedestal, 
the column^ and tl^ entablature. 
iS^%. 1. 

10. The pedestal consists of a base 
or plinth, the dado or dye, and the 
cornice. The pedestal is used to ele- 
vate the column to a necessary height. 
See fig. 1. 

11. The column includes a base, a 
akaft, and a capital. See fig. 2^-6. 
p. 201, 202. 

12. The entablature consists of an 
architrave, a frieze, and a comipe, 
fig. 2. 

13. The plinth of a pedestal takes 
its name from the Greek, of a brick 
or flat stone on which columns in the 
early state of architecture are suppos- 
ed to have stood. 



199 



? 



14. The dado or dye is so called 
Aom its cubical fonn : and the cor- 
nice takes its name from corona, top £ 
or summit. 

15. The base of a column is its 
foundation: the shaft is compre- 
hended between the base and capi- 
tal : and the capital is so denomi- 
nated from caput the head; the 
abacus is the upper member of the 
column, and serves as a covering. 

16. The architrave is so called 
from two Greek words signifyii^ 
** principal beam," because the archi- 
trave is the principal support to the 
whole entablature. ^*'g» *• 




^ 



^ 



A«rchttn?e. Aibtcgt. B base, 

Cnplul. e cornice. BenublAtttra 

FCrleat. PpUntfa. .Sibiift.^ 
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17. The frieze is a large flat face, which the ancients 
sometimes enriched with the figures of animals, &c.. 
The cornice is the crowning part of the whole. 

18. The principal parts of a complete order, except 
the dado and shaft, are composed of small members 
which constitute the mouldings. 

19. Some of the smaller members are the torus, the 
astragal, and the scotia. The torus is the swell above 
the plinth : the astragal is a small round member re- 
sembling a ring, which terminates the extremities of the 
column : the scotia is a hollow moulding used in bases, 
so called because of the strong shadow which its con- 
cavity produces. 

QUESTIONS FOR EXAMINATION. 

1. What 18 architecture, and how is it divided? 

2. What is civil architecture t 

3. To what is military architecture applied 1 

4. What does naval architecture teach ? 

5. From what had architecture its origin ? 

6. What was the first introduction to society ? 

7. To what did the earliest efforts in architecture extend ? 

8. What led to square buildings and other improvements in 
architecture ? 

9. What do the orders of architecture form, and of what does ' 
each order consist ? 

10. Of what does the pedestal consist? 

11. What does the column include? 

12. Of what does the entablature consist ? 

13. From what does the plinth derive its name? 

14. Why is the dado or dye so called, and from what does the 
cornice take its name ? 

15. Describe the parts of the column. 

16. From what does the architrave take its name, and why? 

17. What is meant by tlie frieze? 

18. Of what 9re the principal parts of a complete order com- 
posed ? 

19. Enumerate some of the smaller members and their pro- , 
perties ? 
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LESSON THE SECOND. 



1. There are five orders of archi- 
tecture, viz. the Tuscan, the Doric, the 
Ionic, the Corinthian, and the Compo- 
site, which are distinguished from each 
other by the column, with its base and 
capital, and by the entablature. See 
fig. 1. p. 199. 

2. The Tuscan order is characterized 
by its simplicity and strength; it is com- 
posed of few parts, devoid of oma 
ments, and capable of supporting the 
heaviest weight. The Trajan column 
at Rome is of this order, fig. 3. 

3. The Doric possesses nearly the 
same character for strength as the Tus- 
can, but enlivened with peculiar oma- 
mants in the frieze and capital, which 
are inseparable from it. 'the columns 
of the temple of Apollo at Delos are of 
this order. See fig. 2. p. 199. 

4. The Ionic order is said to have 
been first employed in the decorations 
of the temple of Diana at Ephesus: the 
volute, scrol, or spiral horn, is a prin- 
cipal ornament of this column. Its or- 
naments are in a style of composition 
between the richness of the Corinthian, 
and the plainness of the Doric orders, 
%.4. 

5. The Corinthian is the most noble 
of the five orders, and is known by 
its capital being adorned with two sorts 
of leaves, between which rise little 











} 


.f 






Fig. 3. 
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'" Stalks : of these are formed the vo- 

3 lutes that support the highest part 
of the capital, fig. 5. 

6. The Composite order is nearly 
the same as the Corinthian, with the 
addition of the Ionic volute to the 

3 capital, fig. 6. 

7. Each oolunm has its particular 
base: the Tuscan base is the most 
simpkyhavingonlya torus and plinth : 
the Doric has an astragal more than 
the Tuscan. To the Ionic base the 
torus is larger on a double scotia, 
with two astragals between. The 
Corinthian base has two toruses, two 
scotias, and two astragals. The Com- 
posite base has one astragal less than 
the Corinthian. 

8. Pilasters differ from columns 
only in their plan, which is square, 
as that of columns is round. Their 
bases, capitals, and entablatures are 
the same as those of the columns. 

9. Balusters, small columns, or 
pillars of wood, stone, &c. are used 

^ on terraces or tope of buildings for 
omam^it, and to support railing, and 
when continued they form a balus- 
trade* 

10. Corona, a large flat member 
in a cornice used to screen the un- 
derparts of the work, and to prey^^t 
the water fix>m running down the co- 
lumn : the under part of the corona 
is called the sofiit. 

1 1 . Portico, a continued range of 
columns covered at top to shelter 
from the weather: the portico at 
Palmyra was fiill four thousand feet 
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12. Gothic architecture originated among the northern 
nations of Europe, which, after the destruction of the 
Roman empire, they introduced tof die occlusion of the 
Greek and Roman manner of architecture. It seems 
peculiariy adapted to religious edifices. 

' 13. The characteristics of Gothic architecture are 
pointed arches, greater height than breadth in the pro- 
portions, and profuse ornament, chiefly derived nrom 
an imitation of the leaves and flowers of plants. 

14. There are two species of Gothic architecture: 
the Saxon, which is heavy, plain, robust, like the 
Tuscan; the other, like the Corinthian architecture, is 
light and ornamental, and received its finish fix>m the 
Normans. 

15. A grove of tall trees meeting at the top with in- 
terweaved branches, is said to be the natural model 
from which the aisle of the Norman Gothic cathedral 
is derived. 

QUESTIONS FOR EXAMINATION. 

1. What sre th« orders of architecture? 
t. How is the Tuscan order characterized ? 

3. What is the character of the Doric order ? 

4. Where was the looic order first used; what are its pnn- 
cipal ornaments, and what is its character! 

5. What are the characteristics of the Corinthian order? 

6. What is the character of the Composite order 1 

T, Give an account of the hases of the several columns. 

8. In what do pilasters differ from columns? 

9. What are halusters? 

10. What is the corona, and what is its use ? 

11. What is a portico, and what length was the portico at 
Pahnjra? 

19. From whom did Gothic architecture originate ? 

13. Whitf are the characteristics of Gothic architecture ? 

14. What are the species of Gothic architecture ) 

15. What is said to ha tiie natural model of the Gothic archi- 
taetur*? 
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NATURAL PHILOSOPHT. 

MECHAXXCS, HYDROSTATICS, HYDRAULICS, PKEUMATICS, 
ACCOUSTICS, AND OPTICS. 

An appreciation and recommendation of Philosophical Know- 
ledge and Scientific Learning. 

** The mind that lies fallow but a single day, sprouts up in follies 
that are only to be killed by a constant and assiduous culture. It was 
said of Socrates, that he brought philosophy down from hearen, to in- 
habit among men; and I shall be ambitious to hare it said of me. that 
I have brought philosophy out of closets and libraries, schools and col- 
leges, to dwell in clubs and assemblies, at tea-tables and in coffee- 
bouses." — Spectator, VoL i.. No. 10. 

** How charming is divine philosophy 1 
Not harsh and crabbed as dull iiools suppose 1 ! " — Milton. 

Man is ennobled by understanding and reason. These form 
the first and chief ground of his distinction and his superiority. 
These exalt him far above all other crtetures of tne earth. 
By these he is related with spiritual beings; by these he 
takes flight to the regions above, and soars to the seat of 
God. He is neither altogether material, nor altc^ether 
spiritual; not like the beasts of the field, attached to the 
eartlf ; not incapable, like them, of resisting the impression of . 
external things. He can lift his eyes on high and roam in 
spirit above terrestrial and visible objects : ne can investi- 
gate himself; distinguish himself from every thine around 
him, and separate his thoughts from that whi^ thinks 
within him ; can discriminate the past, the present, and the 
future, in the conceptions of his capacious mind ; has an in- 
ward and clear consciousness of his existence and his actions; 
can inquire into the causes and motives of events, investigate 
their proportion and affinity to each other, view their con- 
nections and consequences ; and from what he knows and 
sees, can judge in a thousand cases of what he knows and 
sees not yet. How comprehensives is his intellect. How far 
does his reason venture, and how often does it succeed, in hia 
boldest speculations 1 Who can compute the multitude, the 
numberless multitude of ideas, judgments, conclusions, re- 
marks and observations which arise, which associate, and in- 
terweave themselves in the human mind, during its short 
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sojourn on tliis terrestrial globe, and supply it With matter 
for everlasting reflection ? What is there in the heaven above, 
or in tiie earth beneath, in the sea, and in *' all deep places," 
in the visible or the invisible world, in the regions of possi- 
biUties and action, in the obscurity of the past, and in the 
night of the future, what is there that the curiosity of the 
' human mind does not strive to possess, that does not employ 
its faculties, that it does not endeavour to know, to fathom, 
to explain, to compare, or to combine with what it already 
knows? 

And who can den]^ that all things on the earth relate to 
man ; that all are animated, beautified, and connected as the 
means of human happiness, and for the glory of God ? How 
extensively do the iimuences and operations of men, either 
mediately or immediately, prevail! What does he not extort 
from the very elements, and the recondite powers of nature ? 
And what revolutions and productions does he not bring 
forth ! What desert does not become a paradise by his pre- 
sence and industry; and what paradise is not more paradi-^ 
saical when he builds his habitation in it ! Let me say to 
the student, represent to yourself the earth without mankind, 
without rational creatures on it, and what do you discover it 
to contain? Certainly still many great beauties; but more 
savage than gentle, more tremendous than deUghtfiil beau- 
ties — still, indeed, much life, but life without consciousness, 
without reflection, without approximate enjoyment, without 
recollection of the Great Author of it. No, nature is beau- 
tiful, enchantingly beautiful; but man adorns it, collects about 
him the scattered and single beauties, and sees and feels, and 
enjoys them, and deUghts in them. Nature is fruitful, inex- 
haustibly fruitful ; but man improves her fertiUty, guides it, 
and gives it its most generally useful direction. Nature is 
full of Ufe; but man diversifies, elevates, and ennobles this 
life, and is happy in the enjoyment of it. Would we esti- 
mate his powerful and benign influence on all things ; then 
we have only to compare the regions inhabited by man with 
those wherein he has not fixed his abode ; to compare the 
European and Asiatic luxuriance of cities, gardens, fields, 
with the savage and desolated wilds of America. Here na- 
ture languishes for want of cultivation; there plenty and joy 
meet the traveller with smiles. Here impenetrable forests 
jmd vast impassable marshes cover the earth, its undirected 
and useless fertility stifles and destroys itself, and pestilen- 
tial vapours obscure its surface; there the sun unimpeded 
diffuses its Ught and heat, the waters flow in pleasant sti^ms. 



Digitized by LjOOQ IC 



206 INTRODUCTXOK TO 

the noiMHtte yi^pomt are diiqiersed, tlie windi me tdmitted to 
refresh and pimfy the atmo^heie, and the weeds are erft« 
dicated from the usefiil plants. Where man is not, and do^ 
not «ct, there are traddess wastes, there frosty and dbieerless 
ailence, and dreadful death prevail; where man uipears* 
where he Uvea and acts, there ne makes him paths, there he 
decks the earth with flowers* and fruits, there the air brinffs 
healtii and strength and pleasant odours with it, there be 
animates and ^lactiens alL How much more beautiful, mud^ 
more glorious is nature now; how rich and beneficent under 
the guiding hand and the genial attentions and culture oi 
man ! All is now the mirror of the Pei^, the sdiool of 
wisdom, the source of pleasure the means of exercise and 
perfection, the foretaste of purer joys and higher hunpiness ! 
How connected now is the visible with the invisible, the 
present with the future, the terrestrial world with the worid 
of spirits, and the creature with the Creator I 

Such tiien is man; such his faculties and his powers; so 
extensive are his ci^Micities, so exalted is his vocation, his 
dignity; so stupendous, beneficent, and extaisive are the ef- 
fed» which his understanding, his freedom, his activity, 
produces. What is his duty, what his interest ? To confess 
and feel his frusulties and privileges; to confess and to feel 
them with a cdieerfiil and ^»tefm heart. To cultivate his 
understanding, to cultivate his mental faculties with di%ence 
and care. To judge justly of himself, and to treat huoaelf 
conformably with truth. To feel and acknowledge the value 
of his reasonable nature, the whole worth of his superior dis- 
positions, capacities, and powers. K he does not ao this, he 
cannot properly or worthily use these dispositions and capa- 
cities; neither can he become, nor do, nor enjoy that which 
he may become, and do, and enjoy by the nature of his ap- 
pointment. 

Every application of our mental faculties that is not totally 
fruitless, every enlargement of our intellectual horizon, every 
augmentation of our knowledge and perceptions, every ad- 
justment of our ideas and conceptions, every additional view 
we get into the immense region of truth, and every ray of 
light thence falling on our eyes, augments our power, and 

Erocures us the purest pleasure, the highest happmess ; and 
ow diversified, how mexhaustible is this fehdty! Each 
stone, each mineral, each man, each part of man, the whole 
material and spiritual world, the visible and invisible, the 
past, the present, and the future, the possible and the actual, 
the creature and the Creator; all charm, all employ the curio- 
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sity, and spirit of obseryation and enquiry, of the thougbtful 
student; m ^uide him forward on the track of tnxmi til 
jMint out to him more or less of it; all shew him anange- 
ment and harmony in the whole and in the parts; all lead 
him to the prime, eternal Source of being, of li^, of power, 
of perfection; and by these very means procure him satis- 
faction — the purest, the noblest pleasure. And this pleasure 
frequently rises to ecstasy, when he has overcome every ma- 
tmal impediment that retarded him in his reflections, has 
obviated some difficulty that bewildered him, solved some 
knotty point on which he had exercised perspicadty in vain; 
when he is enabled to fill up any considerable chasm in his 
knowledge, and see tiirough a series of ideas with ereater 
clearness ; to comprehend more fiilly some part of human 
science; to find some important and fertile argument or ex- 
position; to make any striking application, any profitable use 
of his knowledge ; or to detect a trace of the truths that in- 
sure him a remarkable progress in tilling the field he has 
chosen to cultivate. How often and how amply must these 
pleasures requite the naturalist, the astronomer, the geome- 
trician, the philosopher, the chemist, and every other inqui- 
sitive mind, for all its exertions and toils in the search alter 
truth! And how little has such an one to fear, lest ihe 
sources of these pleasures should ever fail, or the enjoyment 
of liiem be turned into disgust I No, here are fountains of 
pleasure that never fail, which flow tiirough all times and all 
eternities, and become the more bounteous, the more pelhietd 
and pleasant, the oftener and more copiously we draw from 
them. And must not philosophy, wluch procures us tius 
exalted pleasure, be inestimably valuable, and bey(md die 
highest appreciation which can be arrayed of its merits? 

How greatly have navigation and commerce been bene- 
fitted by astronomical observations I How much have che- 
mical researches contributed to the improvement and per&e- 
tion of manufactures I How much are architecture, tactics, 
and every species of mechanical knowledge, indebted to ma- 
thematics I What implement is there of the artist, of the 
artizan, or of the husbandman, that is not mate or less im- 
proved and perfected by them ? How many productions of 
nature are understood, wrought up, and rendered useful to 
many impcnrtant purposes, by the mdustry of the naturalist ! 
What beneficial institutes in common and civil life, what 
conveniences in regard of lodgii^ and furniture, of order and 
safety, of trade and barter, are we not indebted for to philo- 
sophical learning, and particularly to geometry and the 
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•sciences related to it ! How much is due to the study of 
law for peace and quiet, and to medicine for life and health, 
however Kf^t the inconveniences of the one may be, and 
the impeitections of the other I How much agreeable and 
usefol knowledge, how many means of refined social plea- 
sure and noble entertainment have been diflfused from all 
these sources among all classes and conditions of men ! I 
will again ask the ardent student to compare the condition 
of a coimtrv where ignorance and superstition prevail, with 
the state of another where learning and sciences flourish : 
how much more barbarism and ferocitjr, how much more im- 
perfection and confusion, will he find in the one than in the 
other ! How many channels of industry, of art, of pleasure, 
of domestic and social happiness, are closed to the former, 
which run and disperse themselves throughout our happy 
eountry, bringmg lire and activity, profit and satisfaction, into 
all our borders ! And I will ask how much more profit and 
pleasure, of all these various descriptions, mav not the whole 
society promise itself in future from philosophical and scien- 
tific learning, since all men are at present far more disposed 
to render it more generally useful and more serviceable to 
«11 ranks and descriptions of persons than ever they were 
before ! 

But another most important benefit to be regarded in an 
appreciation of philosophical knowledge, and one which like- 
wise most powerfully recommends it, is, that it cherishes and 
extends the hgbt of truth, which superstition and fanaticism, 
that most baneful brood of darkness, cannot endure, and 
'which it not unfrequently scares and chases back into the 
obscurity from whence it sprung. It promotes dear thought, 
nice investigation, sagacious doubt, modest and dispassionate 
enquiry into the causes, the designs, the connections of things. 
It arms us against the deceptions of the senses, of the ima- 
gination, of the feelings; against the fallacious charms of the 
extraordinary, the wonderful, the mysterious; against the 
imposing vieour of apecuUar pensiveness and hidden wisdom, 
under which ignorance and fanaticism so frequently lurk. 
Wherever real learning and solid philosophy and science lose 
their respect and influence, superstition is sure to rise upon 
their ruins, with all its lamentable and disastrous attendants, 
ignorance, dastardly fear, and intolerance, spreading terror 
and thraldom and misery of various kinds throughout the 
land. Curiosity never totally forsakes the human mind. If a 
man cannot employ it in regular and rational meditation, he 
«iideavour8 to satisfy it by conceits and reveries : the imi- 
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sible, the world of spirits, the future, are always momentous 
to time. If in his flights into the unknown world he has 
not for his guide an enlightened and trained reason, but 
trusts only to obscure sensations, he is then liable to follow 
every bye-way, every devious track that offers; and who can 
think upon aU the hurtful and ruinous effects of superstition 
and fanaticism, and not ascribe great praise to science and 
erudition, which is always counteracting them, and setting 
bounds to their dominion ? 

If we wish to see the great doctrines of our holy Christian 
faith defended against the objections of the infidel and the 
sneer of the scomer; if we would see their reasonableness 
evinced, see them purified from all human commixtures; 
more unfolded and reduced to a connected and consistent 
whole; delivered in a manner suited to the wants of man- 
kind, and the exigencies of the times; and if we would have 
them likewise " worthy of all acceptation" to the deep-think- 
ing man, and the mind addicted to doubt; if we would hope 
to see them in security from all abuse; we must recollect 
that our hopes and desires wiU be vain, without the means 
of various sorts of learned knowledge, they can never be ac- 
complished without the assistance oi philosophical perspica- 
city, without an enlightened and habituated reason. Were 
it not for learning and solid science, religion would speedily 
degenerate into superstition and fanaticbm. Whereas, the 
more flourishing and the more general they become, in a 
country or among a people, so much the greater light is 
diffused over reU^on; so mucdi the more is it cherished in 
its native simplicity and its majestic dignity; and so much 
the more general must its influence be on human improve- 
ment and happiness. 

Much, perhaps even the greatest part, of knowledge, and 
the sciences, as they are termed, wiU fall away as totaUy use- 
less in the future life, as the toys and playthings of our 
childish years; yet must much of the rest still remain, such 
as are of a nobler kind, of eternal, unchangeable truth, of 
universal utility; and afford those, who take uiem with them 
into that better world, a greater or less advantageous outset, 
beyond those who are destitute of them. Though, for in- 
stance, what the astronomer knows concerning the heavenly 
bodies, and their relations towards each other, be ever so 
little in comparison with what in the immense system of the 
universe is concealed firom him, yet at least he understands 
some few letters in the alphabet of the skies, and seems in 
those superior regions somewhat less as tranger than the ab- 
p 
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solutely iterant. But, if this supposition be no more than 
a mere flisht of fancy, yet in all cases the diligent and active 
scholar, who in fact supports that name, is always exercising 
his mental faculties in a superior de^ee : learns to surrey, 
to comprehend, to combine more things together; raises 
himself in meditation farther above what is sensible and vi- 
sible ; habituates himself to more intellectual employments, 
and nobler pleasures; acquires a greater love for truth, than 
for all things else ; finds m the research and knov- ^dge of it 
the purest delight; feels more sensiblv the vanity and empti- 
ness of all earthly things; feels himself more forcibly attracted 
towards such as are mfinite and eternal, towards Gknl, the 
original source of all light and truth, and proceeds on his 
way to his superior state with brighter prospects and greater 
expectations. And surely this must be a suitable prepara- 
tive to it ? 

If such be the case, if philosophical learning and science 
be an excellent habit and perfection of the human mind, if 
it procure a man real pleasure, and the noblest and purest 
kinds of pleasure, it promote by various ways, essentially 
promote tne general welfare of society. K it is an efficacious 
preservative m>m superstition, and an equally efficient sup- 
port to true rehgion, and a means of advancing it in the 
world, then is it incontestible, that it is of reu and high 
value, that it mav contribute, and actually does contribute, 
greatly to human happiness. 

In conclusion I would say to the student, frequently ba- 
lance what you know against what you do not and cannot 
know; what you know with assurance, against what is only 
hypothetical, and shghtly probable; what you can actually 
msike use of, against what is barely instrumental or matter of 
exerdse, or even deception and error ; what you may hope 
to carry with you into eternity, against what will be buried 
with you, and lost in the night of oblivion : and let all this 
teach you modes^ and meekness. Let the sound intellect, 
the nnoorrupted feelings of the heart, the wisdom that is 
sroimded on expmence, and shews itself in an acdve and 
Busy life, have ample justice in your appreciation of the vafaie 
of philosof^iieal knowledge and adentmc learning. 
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MECHANICS. 

*' Dr. WaUis defines mechanics to be the geometry of motion, a ma- 
thematical science, which shews the effects of powers, or moving forces, 
so far as they are applied to engines ; and demonstrates the laws of 
motion. "'^ifamV. 

Natural Philosophy may be defined to be that which 
considers the powers and properties of natural bodies, and 
their actions on one another. Our knowledge of nature 
being found to result exclusively and entirely firom experi- 
ment, the term Experimental Philosophy, has in modem 
practice been compounded with that of natural philosophy; 
and their definitions perfectly correspond. Natural philo- 
sophy is obviously a system, or an aggregate of several 
branches of knowledge, rather than a simple and uniform 
science of itself : and comprehends all those sciences which 
are named, and gathered in one enumeration beneath that 
designation at the commencement of this chapter, and will 
be found distributed tiirough the following lessons. Che« 
mistry and Mineralogy ought probably to be added to the 
number. 

" The main business of natural philosophy," says Sir Isaac 
Newton, "is to argue from phenomena without feigning 
hypotheses, and to deduce causes from effects, till we come 
to the very first cause, which certainly is not mechanical j and 
not only to unfold the mechanism of the worlds but chiefly 
to resolve these, and such like questions." 

Matter is a substance, which by its different modifications 
becomes the object of our five senses : viz. whatever we can 
see, hear, feel, taste, or smell, must be considered as matter, 
being the constituent parts of the universe. Eveiy being or 
substance that exists is made up of matter, whose properties 
we can investigate, though of itself we can know nothing. 
Now it is the property of some kinds of matter to act upcm 
our senses immediately; of others, only ^the perceptible 
effects they produce upon other bodies. We, therefore, ar- 
range under the fonner, all sorts of matter as are capable of 
beinj^ seen, as wood, stone, &c.; and under the latter such 
species of matter as prove their existence only by tiieir effects 
upon other bodies, as the atmospheric air, gases, &c. 

Hie properties of matter explamed in the following lessons 
p2 
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Sir Isaac Newton observes are the foundation of all philo- 
sophy, and extend to the minutest particles. 

Newton's Princip,, Book III. The third rule of reasoning 
in philosophy. 

LESSON THE FIRST. 

MATTER, AND ITS GENERAL PROPERTIES. 

1 . The science of mechanics treats of the laws, of 
the equilibrium, and motion of solid bodies : of the 
forces with which bodies may be made to act upon 
one another; and of the means by which these may be 
increased. 

2. This science depends upon very simple principles, 
and may be resolved into the power which gravity and 
the laws of motion have on matter. 

3. Matter is the general name of every thing that 
has length, breadth, and thickness; and its properties 
are solidity, divisibility, mobility, and inertia. 

4. By solidity y a body will not permit any other sub- 
stance to occupy the same place with itself, at the same 
time. No other body can occupy the part of space in 
which this book lies, without first removing the book. 

Experiment. — ^A tube filled with water or air will not admit 
a plunger accurately fitted to it, without the water or air 
bemg first displaced. 

5. By divisibility the parts of matter may be sepa- 
rated from each other witiiout end. 

Illustration. — Since matter cannot he annihilated bv 
division, so we can never imagine it to be cut into such smaU 
particles, that any one of them shall not have an upper and 
under surface, which may be semrated if we have instruments 
fine enough for the purpose. The parts of a body may be so 
far divided as not to be sensible to the sight; and by the 
help of microscopes we discover myriads of organized lK>diea 
totally unknown before such instruments were invented. A 
grain of leaf-gold will cover fifty square inches of surface,, 
and contains two millions of visible parts : but the gold which 
covers the silver wire, used in makii^ gold lace, is spread over 
a surface twelve times as great. 1mm such considerations 
as these, we are led to conclude, that the division of matter 
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is carried on to a degree of minuteness fiur exceeding the 
bounds of our faculties. Mathematicians have shewn uiat a 
line may be indefinitely divided. 

6. Mobility is that property of matter by which k 
is capable of being moved from one place to another. 

7. Inertia is that property of matter by which it 
would always continue in the same state of rest or mo- 
tion in which it is put, unless prevented by some ex- 
ternal force. 

Illustration. — It is evident that matter, as a mass of 
iron or stone, can never put itself in motion. Bodies in mo- 
tion, as a bowl on the ground, or a cannon ball going through 
the air pass from motion to a state of rest, either by the fric- 
tion of the earth, by their own weight or gravity, or by the 
resistance of the air. 

8. There are two kinds of attraction to be considered 
in mechanics; the attraction of cohesion, and the at- 
traction of gravitation. 

9. The attraction of cohesion is that by which the 
particles of matter are kept together, or which induces 
the parts of bodies to unite, when brought sufficiently 
near each other : by this principle bodies preserve their 
forms, and by this principle two drops of water, or 
globules of quicksilver, when brought sufficiently near 
each other, will run together. 

10. The attraction of gravitation, or gravity, is that 
force by which distant bodies tend toward one another. 

Example. — ^6y this principle, a body dropped from the 
hand fam to the surface of the earth; and all terrestrial bodies 
tend towards the centre of the earth ; and by it the planets 
tend towards the sun, and towards each other, as weU as the 
sun to them. 

1 1 . The attraction of gravity decreases as the squares 
of the distance increase from the centre: that is, at 
double the distance from the centre, the force of gravity 
would be only one-fourth of what it is at the surSice. 

Illustration. — ^The weight of bodies is owing to the 
-principle of gravitation : a piece of iron, stone, or any other 
'Substance, that weighs at the surface of the earth, a pound or 
a hundred weight, would at double the distance nrom the 
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centre of the earth weigh only ilb. or ^cwt; and at three 
times the distance it would weigh only ^th of a lb. or ^th of 
a cwt. 

, QUESTIOKS FOR EXAMINATION. 

1. Of what doet tbe science of mechanics treat! 
f . Upon what does it depend ? 

3. What do you mean by matter 1 

4. Explain what is meant by solidity. 

5. What is meant by the divisibility of matter ? 
Give the illustration. 

6. What do you mean by the mobility of matter ? 

7. What is meant by the inertia of matter 1 
Give the illustration. 

6. How many kinds of attraction are considered in mechanics? 
9. Explain what is meant by the attraction of cohesion. 

10. Illustrate the nature of gravitation. 

11. By what law does the attraction of gravity decrease ? 
How is it illustrated ? 



LESSON THE SECOND. 

MOTION. 

1. Motion is a continued chsmge of place, without 
which nothing can be produced or destroyed. 

2. There are two kmds of motion, the one by whidi 
an entire body is transferred from one place to another: 
the other is the motion of the parts of bodies among 
themselves : by the first, a heavy body Ms to the earthy 
a carriage or ship moves : by the second, pknts and 
animals grow, and the compositions and decompositions 
of bodies take place. 

3. To account for a body in motion there must be a 
cause ; and the causes of motion, are^ gravity, the ac- 
tion of men and other animals, of wind, water, stem, 
and Uie pressure of the atmospWe* 

4. The velocity of motion is estimated by the time 
employed in passing over a certain space; or by the 
space passed over in a certain time: and to ascertain 
the decree of velocity, the space passed over must be 
divided by the time. 

£xample.-^If a horse run 20 or 15 miles in an hour* then 
he goes with a velocity of one mile in 3 or in 4 mmutoi. 
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5. A body in motion must at every instant of time 
tend to some point. If it always tend to the same 
point, its direction is in a straight line, but if this pomt 
be perpetually changing, the motion will be curvilinear. 

6. If a body is acted upon only by one force, in one 
direction, as m drivmg a ball along smooth ice, or by 
several successive forces in the same direction, as the 
motion given to a vessel on water by a man continually 
puUing it towards him, then the motion will be in the 
same direction. 

7. If a body be acted upon by two or more forces in 
different directions at the same time, as it cannot move 
in all, it will move in a direction somewhere between 
them. The theorems relating to this are said to relate 
to the composition and resolution of forces. 

Example. — When a ship is driven by wind due west, and 
by the tide due north, it will go neither to the west nor to 
the north, but if the forces be equal, it will be driven exactly 
north-west. 

8. Accelerated motion is that in which the velocity is 
continually increasing. 

Example. — ^A body falling to the earth from some high 
buildine, as the cupola of St. Paul's Church, affords an instance 
of accelerated motion, which is caused by the constant action 
of gravity. 

9. Motion is said to be retarded when its velocity is 
continually decreasing. 

Example. — If a cannon ball were fired perpendicularly up- 
wards, its motion would be retarded every instant, till at length 
its direction being changed, it would fall again with an acce- 
lerated motion; and it would take precisely the same space of 
time in its fall as in the ascent. 

10. The reZooi^tcs of falling bodies, and also the 5pacc^ 
passed over by them increase as the odd numbers 1,3, 
5, 7, 9, &c. that is, a body would fall 16 feet in the first 
second ; in the next it would fall three times 16, or 48 
feet; in the third second it would fall five times 16, or 
80 feet; in the fourth seven times 16, or 112, and so on. 

11. The whole spaces passed over by a iklling body, 
firom the beginning of motion, will be as the squares of 
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the times, tliat is, as it falls 16 feet in the first second, it 
will fall through four times 16, or 64 feet in two seconds; 
nine times 16, or 144 feet in three seconds; and in four 
seconds it will fall through 16 times 16, or 256, and so 
on; because 4, 9, 16, 25, &c. are the squares of 2, 3, 
4, 5, &c. 

12. The force with which a body moves, or which it 
would exert upon another body opposed to it, is in pro- 
portion to the velocity multiplied by its weight ; this force 
is called the momentum. 

Example. — If two cricket balls of equal weight be so struck 
that the velocity of one be double that of the other, then the 
force of the swiftest will be double that of the slowest. 

QUESTIONS FOR EXAMINATION. 
1. What is meant by the* term motion ? 
t. How many kinds of motion are there ? 

3. What are the causes of motion ? 

4. How is the velocity of motion estimated ? 
Give the example. 

5. To what does a body in motion tend ? 

6. When is motion said to be in the same direction? 

7. What will be the direction of a body in motion that is acted 
upon by two or more forces in different directions ? 

Give the example. 

8. What is meant by accelerated motion 1 

9. When is motion said to be retarded 1 
Give the example. 

10. What is the law with regard to the yelocities of falling 
bodies, and also with regard to the spaces passed over by them ? 

11. What is the law with respect to the whole spaces passed 
over? 

12. What is meant by the momentum of a body ? 



LESSON THE THIRD. 



CENTRE OF GRAVITY. 



1. The centre of gravity of a body is that point in 
which the whole force of its gravity or weight is united, 
and whatever supports that point, supports the body, 
therefore the whole weight of the body may be considered 
as centered in that point. 
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Example. — If I balance m^ pen or a cane on my finger, I 
know that the centre of gravity rests upon the finger. 

2. The common centre of gravity of two or more 
bodies is the point upon which they would rest in any 
position. 

Example. — If I have two brass or marble balls connected 
together with a wire, and I am able to balance them by placing 
the wire in a certain nosition on my finger, I know the common 
centre of gravity of tne two balls rests on the finger. 

3. An imaginary line drawn from the centre of gravity 
of any body towards the centre of the earth is called the 
line of direction, because it is the line that the centre of 
gravity would describe, if the body were suffered to fall. 

4. If the line of direction fall within the base upon 
which the body stands, the body cannot fall, but if it 
fall without the base, the body will tumble. 

Pig. I. 

Examples. — The inclining body A B C D, 
£f;, 1, whose centre of grarity is £, stands 
firmly, because the line of direction £ D falls 
within the base: but if another body be placed 
upon it, the centre of gravity will be raised 
to L, and then the line of direction LD will 
fall out of the base, and the centre of gra- 
vity not being supported, the whole body will 
fall. In a coach or boat likely to be ' 

the passengers should sUp to the botto 
lowers the centre of gravity, and dJ 
the danger. 

Hence buildings, as the tower A I 
may lean many feet out of the perpe 
and yet stand firm, provided a plumb-: 
fluspended from C, the centre of gra 
within the base. 

.% If a plane, C D, see fig. 3, p. 21 
clined, on which a heavy body A, is pi 
hody will sUde down the plane, whili 
' of direction falls within the base, but if 
the line of direction fall out of the 1 
body will roll. 

6. The broader the base of a body ti 
will it stand : thus the human body ^ 

> Fig.Z. 




D DF 
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most steadily when the line of direction 
falls in the middle point between the 
feet. 

Example. — Rope dancers perfinm tbeir 

feats by knowing how exactly to keep 

the common centre of gravity of them- 

selres, and their pole, just within the 

A base. 

Fig. 2. 

QUESTIONS FOR EXAMINATIOK. 

1. Wbat is meant by the centre of grayity t 

Gire the example. 
S. What is the common centre of gravity of two or more bodies? 

5. What is meant by the line of direction 1 

4. In what case wiU a body stand, and when will it fbfl ? 
Give the examples. 

5» In what case will a body slide, and when will it rsll Aown a 
plane? 

6. What makes a body stand reiry firmly T 



LESSON THE FOURTH. 

MECHANICAL POWERS. 

1. The medianical powers are simple engines l^t 
enable men to raise heavy weights, and overcome re- 
sistanceSy which they could not do with their natural 
strength. 

2. Every machine is composed of one or more of the 
mechanical powers, of which there are six, viz. the lever, 
the wheel and axis, the pulley, the indined {dane, the 
wedge, and the screw. 

3 A lever is an mflexible bar of wood, iron, &c- 
chiefly used to raise large weights, and it is supported by 
a prop or fulcrum, on which all tlie other parts turn, as 
the centre of motion. There are three kinds of levers, 
distinguished from one another by the di&rent wayt #f 
using them. 
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4. A lever of 
the first kind is 
when the weight 
W, fig. 4, is at I 
one end, the power A 
P tt the other, and 
the fulcrum D he- 
tvreen the weight and 
power. A lerer of the 
•eoond kbd it whoB the 
fulcrum A, fig. 5, is at 
one end, the power at 
the other, and the weight 
hetween them. The third 
Jrind of lerer is when the 
weight is at one end , and 
-tiie power hetween the 
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Pig, 4. 



f f- f 



Fig. 5. 
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W 



fttlcmm and weight. 

5. A pofker stirring the fire is a lever of the first kind, 
for the bar of the grate is the fiilcrum, the coals the 
weight to be moved, and the hand the power. Steel- 
yards, scissars, pincers, snuffers, &c. are levers of the 
first kind. 

6. Every door that turns on hinges is a lever of the 
second kind, the hinges are the fiScrum, or centre of 
motion, the door is the weight to be moved, and the 
hand in opening it is the power. An oar in the act of 
moving a boat is a lever of this kind, so is the rudder 
of a ship ; also nut-crackers, and knives used in cuttmg 
chaff, &c. 

7. A ladder to be raised by the strength of a man's 
arms is a lever of the third kmd : the end fixed against 
the wall is the fiilcrum, the top of the ladd^ may be 
regarded as the weight, and the power is the strength 
applied. The human arm in raising a weight is a lever 
of this kind. 

8. A hammer drawing a nail is a lever of the first 
kind, but with a different application. The longer the 
handle of the hammer, compared with the shank or iron 
part applied to the nail, the easier the nail is drawn. 

9. In all the mechanical powers it is a maxim that the 



Digitized by V^jOOQ IC 



220 HBCHANICB. 

advantage gained is in proportion to the space passed 
over by the moving power. 



10. The wheel and axU, fig. 6, con- 
sists of a wheel W W on an axis a b, 
and the adv^antage gained is in propor- 
tion as the circumference of the wheel 
is greater than that of the axis. The 
projecting spokes X have the e£fect of 
increasing Uie diameter and circum- 
ference of the wheel, and of course of 
increasing the power. 

11. Cranes of all kinds, windlasses, 
capstans, and those axles turned by 
means of winches, are all to be refer- 
red to the wheel and axis, of which 
they are so many species. 

Fig. 6. 



QUESTIONS FOR EXAMINATION. 

1. For what are the mechanical powers used? 

2. What are the mechanical powers ? 

3. What is a lever, and how many kinds of levers are there ? 

4. Explain the different kinds of levers. 

5. What instruments are to be referred to the lerer of the first 
tindl 

6. What are to be referred to levers of the second kind? 

7. What are to be referred to levers of the third kind ? 

8. To which of the levers is a hammer in the act of drawing a 
«ail to be referred? 

9. What is the general maxim with regard to the mechanical 
powers? 

10. Of what does the wheel and axis consist? 

11* What machines are to be referred to the wheel and axis? 
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LESSON THE FIFTH 

MECHANICAL POWERS. 

1. Ilie third mechanical power is the pulley , which 
18 a small wheel turning on an axis, with a rope passing 
over it. It is used to change the direction of a weight; 
which may be raised to any height by a person not 
moving from his place. 

2. Pulleys may be either fixed, as Z Z, or 
moveable, as X: the single fixed pulley, 
fig. 7, giyes no mechanical advantage, but 

is only used to change the direction of a ' i 

weight. The moveable pulley X, fig. 8, to 

which the weight W is attached, rises and 

falls with the weight, and the advantage 

gained by this pulley is as two to one; 

^at is, a power p of 4 lb. will balance a 

weight W, of 81b.: for the power moves ' 

through twice as much space as the weight. 

3. The advantage gained by pulleys is 
found by multiplying the number of pulleys 
in the lower block by 2; that is, if instead 
of one pulley X, there were 3 or 4, there 
must, in that case, be 3 or 4 in the upper 

block, and the power gained would be as Fig. 7. Fig. 8. 
6 or 8. 

4. The fourth power is the incliTied plane, which is 
made by planks, &c. laid in a sloping direction, on 
which large and heavy bodies may be more easily 
lowered or raised, than by a mere lift. 

5. The wedge may be considered as two equally in- 
clined planes. 




B Fig. 9* 

Pig. 10. 

6. The advantage gained by an inclined plane is in 
proportion as the length of the plane C D^ fig. 9, is 
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greater than the height AC : and the advantage gained 
by the wedge is in proportion as the length of the two 
sides S S, S S, see fig. 10^ p. 221, is greater than the 
length of the back. 

Explanation. — ^If G B« see fig. 9, p. 221, he three feet, and 
C A one foot, then a force of one pound will sustain the roller 
£ of three pounds. And if the sides of the wedge, see fi^. 10, 
be each 6 inches, and the back be 2 inches, then two weiebts, 
r and s, each lib. would sustain 121b. placed on the back 
S S, of Ihe wedge, or suspoided by the book «. 

7. Chisels, hatchets, and other sharp instnimentSy 
which are sloped down to an edge on one side only, are 
to be referred to the inclined plane; and those instru- 
n^ents that are sloped down on both sides, act on the 
principle of the wedge. 

8. The principal use of the wedge consists in its being 
urged by the stroke of a hammer, mallet, &c. and not 
by mere pressure. By repeated blows the wedge is used 
to split wood, rocks, &c. 

9. The last mechanical power is the $er$w, AB. 
fig. 11, which is always used with a lever C D, 
and which gains advantage in proportion as the 
circumference of the circle made by the lever is 
greater than the length between two threads of 
the screw. 

10. The screw is used for pressing h'ght bodies 
close together, as in presses for paper-makers, 
bookbinders, packers, &c. A common cork- 
screw in passisg through the oork acts upon this 
principle. 

Fig. II. 

11. When a screw acts in a wheel, it is called an end- 
less screw. 

12. In the application of the medumical powers one- 
fourthy and often one-third, must be allowed to over- 
come the friction to which in practice they are all liable; 
that is, if 60 pounds are required to bdanoe any 
weight, then 75 or 80 pounds will be required to put it 
in motion. 

13. The capital adf«ntaget of the nedMunealpo was 
are^ that by their mesurn^ we caa Misaanid move fiom 
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{dace to place large weights, as blocks of stone; that we 
can give almost any direction to the moving power, and 
apply its action at a distance from the body to be 
moved. 

QUESTIONS FOR EXAMIKATIOK. 

1. What is the fourth mechanical power? 

2. How many kinds of pulleys are there ? 

S. How do you esthnate the advantage gained 1 

4. For what is the inclined plane used ? 

5. What is the wedge t 

6. How do yon estimate the power gained by the inclined plane 
and wedge? 

' Give the explanation by means of the figure. 

7. What instruments are to be referred to the inclined plane^ 
and what to the wedge ? 

8. In what does the chief use of the wedge consist? 

9. Which is the other mechanical power, and in what way 
does it gain advantage ? 

10. For what is the screw used ? 

11. What is meant by an endless screw ? 

12. What is to be aUowed for friction in the application of th 
mechanical powers ? 

13. What are the capital advantages of the mechanical powers? 



LESSON THE SIXTH. 

MOVING POWERS. 

1. The principal moving powers are the strength of 
men, horses, and oxen ; the force of running water and 
of wind: the force of steam^ and the weight of heavy 
bodies. 

2. In cbcks, jacks, &c. a weight is the first mover, 
which is easily applied ; and its action is very uniform, 
but as the power requires to be frequently renewed, it is 
used only in slow movements. 

3. The spring is a useftil moving power, but requires 
also to be wound up occasionally, and it differs from the 
weight in this, that the action is never uniform, being 
stn»igest when most bent. 

4« A pendulum is a heavy body suspended by a 
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small stringy wire, &c. which is moveable on a centre ^ 
each swing of a pendulum is called a vibration or oscil- 
latum, 

5. All the vibrations of the same pendulum, whether 
great or small, are performed in equal time3. 

6. The swinging of a pendulum is used for measuring 

time; one that swings seconds is little more than 39 

inches long : and one that swings half seconds would be 

39 2 

~^ = 9.75, &c., or a Uttle more than 9| inches; and 

to vibrate once in two seconds it must be 39 X 4 = 156 
inches. 

7. The longer the pendulum, the slower are its vibra- 
tions ; therefore, as heat lengthens the wire on which it 
swings, a clock is hable to lose time in summer, and to 
gain time in winter, when the cold contracts the wire. 

QUESTIONS POR EXAMINATION. 

1. What are the principal moving powers ? 

2. What is the principle of a weight attached to clocks and 
jacks ? 

3. What are the properties of a spring? 

4. What do you .piean hy a pendulum? 

5. How are the vibrations of a pendulum performed? 

6. For what is the swinging of a pendulum used? 

7. What is the cause of irregularity in clocks? 



HYDROSTATICS. 



*' Hydrostatics is the science of weighing fluids: and weighing bodies 
in fluids.'* — Bentley, 

The object of hydrostatics is the consideration of the pro- 
perties and effects of fluids. By the term fluid is understood 
every body whose parts have so small cohesion, that the least 
force applied more in one direction than another, will pro- 
duce a motion amon^ them. 

The cause of fluidity is not perfectly known. Some are of 
opinion that the partides of fluids are 4Bpherical, and in con* 
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sequence of their touching each other, in few points only, 
cohere very slightly, and easily slide over each other. But 
that the particles of fluids are of the same nature or figure as 
those of solids seems probable from the very frequent con- 
version of the one into the other. Though fluids are subject 
to the same laws of gravity with soUds, yet their want of 
cohesion occasions some peculiarities. The parts of a soUd 
are so connected together, as to form but one and the name 
whole; and their effort is, as it were, concentrated in a single 
point, called the centre of gravity. This is not the case with 
fluids: their parts gravitate independently of each other. 
And thus it is that the surface of a fluid contained in an open 
vessel is always level. It is a remarkable property of fluids, 
that they press not only in common with sohds perpendicu- 
larly, but in every direction equally. 



LESSON THE FIRST.* 

FLUIDS, THEIR PRESSURE AND LAWS. 

1 . Fluids are bodies, the parts of which yield to any 
impression : they are of two kinds, viz. elastic, as air, 
steam, and the di£ferent gases; and non-elasHc, as 
water, oil, mercury, &c. 

2. The science of hydrostatics treats of the weight, 
pressure, and other mechanical properties of non-elastic 
nuids, particularly of water. 

3. Fluids, like solids, are subject to the laws of 
gravity; but the pressure of fluids is equal in every di- 
rection; viz. upwards and sideways as well as down- 
wards, but that of sohds is only towards the centre of 
the earth. 

4. The surface of diflTerent portions of water which 
communicate with one another will be perfectly level 
while at rest. 

Example.-— If any number of tubes, joined together and 
communicating at tne bottom, be placed m any direction, and 
water poured mto one, it will be found that it stands at the 
same level in all. 

6* On this principle water is carried in pipes to any 
distance, and raised to the same height in which it stands 
Q 
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in the reservoir : and springs wiH rise as h%fay or neariy 
so, as the sources from which they proceed. 

6. The pressure of water is in proportion, not to the 
quantity, but to the perpendicular height at whidi it 
stsoids, said is exerted in every direction, viz. dovoiwards^ 
upwards, and sideways. 

7. The horizontal bottom of a vessel sosteois tltt 
pressure of a cohimn of the fluid, the base of idiidi 
is the bottom of the vessel, and the perpendicular height 
is equal to the depth of the fluid; therefore a given 
quantity of water may exert a greater or less ^Drce, ac- 
corduig as the perpendicular height of it is giealer or 
less. 

8. Any quantity of fluid, however small, may be made 
to counterpoise any quantity however large, which is 
called the hydrostatical paradox. 

Example. — ^Two upright vessels open throughout, united at 
the bottom ; if the one hold a gaUon, and the other only a 
pint, the fluid in the one will bsuanoe that in the other, and 
they will be level at the surface. 

QUESTIONS FOR EXAHINATIOK. 

1. What are fluids, and Low are they distinguished? 

9. What is the object of the science of hydrostatics? 

3. To what laws are fluids subject, and how » the pressraB es- 
thnatadt 

4>, What is the rule for different portioiui of water that iwre a 
communication ? 

Give the example. 

5. To what does this principle go ? 

6. How is the pressure of water estimated ? 

7. What pressure is sustained by the horizontal bottom of a 
vessel? 

8. What is meant by the hydrostatical paradox 1 
Give the example. 
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LESSON THE SECOND. 
sPECinc oRAynriES. 

1. Every body %hter than water, or thfttswiiiif bit, 
will displace exactly as much of the water is is equal to 
its own weight. 

2. Every vessel floating on the water displaces as 
much of the water as is equal to the vessel and lading 
in weight, and if more weight be added, the v tm d wm 
sink deeper* 

3. Every body heavier than water, or that sinks in k, 
dis{^ces so much water as is equai to the bulk of a 
body. On this principle are derived the specific gravi- 
ties of bodies. 

4. By the specific gravitiet of bodies are B^ant the 
relative weights which equal bulks of ditifoeeat bodbet 
have to each other ; these are found by weighiiig tiiem 
in water. 

5. If a body be suspended in water, it will lose as 
much of its weight as is equal to the weight of an equal 
bulk of water. 

Example. — If a piece of glass weighs in air two pounds, and 
when suspended in water it wei^ but one pwuid, it will be 
found thiufc a quantity of water equal to the Imlk of the glsM 
weighs one pound also. 

6. The specific gravities of bodies are inversely as 
the weights which they lose by immersion in water, 
that is, Uie body that is heaviest will lose least in water. 

Illustration. — ^Here are three bodies that will sink in 
water, viz. of coal, stone, and lead, and all (Xf equal wei^its. 
They are of different sizes, the coal being the largest, and the 
lead the least, but as they lose weight in water in prc^rtion 
to their bulks, the coal will lose Uie most and the lead the 
least; therefore the specific gravity being inversely m the 
weights they lose, the coal losing the most will be the lightest, 
and the lead losing the least will be the heaviest, and the 
fsUme will be intermediate between theoo. 

7. The specific gravities of aU solid bodies that sink 

q2 
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in water, may be found, first by weighing the body in 
the usual way, then in water, and dividing the first 
weight, by what it has lost in Ae water, the quotient is 
the specific gravity of the body. 

Example 1. — ^A ciiinea weighs 129 grains; by being sus- 
pended m water it displaees as much water as is equal in bulk 
to the bulk of itself, which is equal to 7i grains : in other 
words it loses of its weieht in water 7i grains: and 129 

129 
divided by 7i or in decimals yqE gives 17.793, which proves 

the guinea to be almost eighteen times heavier than water. 

Example 2. — ^This piece of brass weighs 1 ounce, or 240 
grains. I suspend it in water and find it weighs only 210 
grains, it has lost 30 grains: therefore 240 divided by 30 
gives 8; of course the specific gravity of the brass is eight: 
or the brass is eight times heavier than water. 

8. Pure rain-water in all parts of the world is of the 
same weight, and a cubical foot weighs 1000 ounces 
avoirdupoise : hence, if the specific gravities of bodies 
are known, their real weights are obtained. 

Example. — ^A cubical foot of water weighs 1000 ounces; 
therefore a cubical foot of gold, like the gumea, would weiffh 
17*793 ounces, and a cubi<^ foot of brass would weigh 8.000 
ounces. 

9. If the same body, as a piece of glass, or ivory, be 
weighed in different fluids, the specific gravities of the 
fluids will be lost. 

Example 1. — ^This conical piece of elass suspended in water 
loses 803 erains; in milk it loses 831 grains; and in spirit 
of wine it loses 699 erains ; therefore the spedfic gravities of 
water, milk, and spirit of wine, are 803, 831, and ^9. 

Example 2.— To find the real weight of the milk I say as 

803 : 831:: 1000: ?^^y^ = 036. That is, a cubical 

foot of the milk weighs 10351b. or 351b. more than the same 
quantity of water. 

10. An hydrometer is an instrument for obtaining the 
specific gravity of bodies. It consists of a ball of glass 
or ivory, to which is attached a graduated stem, and as 
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it sinks more or less in the fluid, the fluid is lighter or 
heavier. 

Example. — It will sink deeper in spirits of wine than in 
water^ and deeper in water than in milk; and the degrees on 
the stem are so made as to give the specific gravities of the 
fluids at once. 

QUESTIONS FOR EXAMINATION. 

1. In what case will a body swim in water, and what propor-' 
tioD of the water will it displace ? 

2. What is the proportion of water that floating vessels dis- 
place? 

3. What proportion of water does a body displace that sitiks in 
water? 

4. What is meant by the specific gravities of bodies ? 

5. How much weight does a body lose by being suspended in 
water? 

Give the example. 

6. How are the specific gravities of bodies estimated? 
Give the illustration. 

7. How are the specific gravities of solids found? 

8. What is the weight of pure rain-water, and to what does 
this lead? 

Give the example. 

9. How do you obtain the specific gravities of fluids? 
Give the example. 

10. What is an hydrometer, and of what parts does it consistl 
Illustrate this by an example. 
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OK TH£ STPH<»f. 

" I lee the rocky stphoms stretch'd immense. 
The mighty resenroirs of hardend'd chalk 
Of stiff-compacted clay, capaviota fbrm'd.** — Thomson. 

Htbaaitlics is ^ tcieiiee wbieh teaehes bow to ettimate 
the iwiftness and force of fluids in notion. 

A vfpkoa, geseraUy used for decanting liquors^ is a bended 
pipe, whose legs are of unequal lengths. If a small bent 
taBe» wbtme legs tre of eqtud length, be filled with water and 
turned downwards, the fluid will not run off, but remain sns^ 
pended therein, so long as it is held eiactly lerel; but when 
an im^Mttion is given to ekher leg, wherebj die perpendi- 
cular altitude of one is in effect made shorter than the odier, 
the water will flow from the lowest leg, and wiH continue to 
run till 1^ tessd is emptied. 

The theory of this is as follows : the air is a fluid, whose den- 
sity near the surfkce of the earth is experimentally found to be 
that of water, act a medium, as 1 to 850; so that 850 gallons of 
air near the earth, weigh as much as 1 gallon of water. Now, 
according to the nature of all other fluid bodies, the air 
presses the surfieiee of all things exposed to it every way 
equally. When, therefore^ the legs of the syphon, equal in 
length are turned down, the weight of the atmosphere above 
heing kept off by the machine, the under air bearing against 
and repressing the water, which tends to fall out oi both of 
them with equal force, keeps it in suspense, and prevents its 
motion: but when, by inclining it to either side, we in effect 
shorten one of its legs, and lengthen the other in perpendi- 
cular altitude, the balance is destroyed, and the longest will 
preponderate. 

Mercury may be drawn through a syphon in the same 
manner as water; but then the utmost height of the syphon 
must alwavs be less than 30 inches, as mercury is nearly 14 
times heavier than water. The syphon may be filled by pour- 
ing some of the fluid into it, or by placmg the shorter leg 
into the vessel, and sucking the h(juor through the longer 
1^. Syphons are extremely convenient for decanting liquors 
of various kinds, as they do not disturb the sediment. 

The syphon may be disguised in such a manner as to pro- 
duce many entertaining effects. It is frequently placed m a 
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enp^ wiiicli is odled Taiitaiui'ft eap» from tlie relehwMbed falife 
oi TimUikm, who it Koretoited oy Uie ancients as sofferiag 
cOTtiiuial thirst, and toough he is in the midst of watei^ is 
imaUe to assuage his thirst. 

** £*en in the circling floods refreshment crares, 
And pines with thirst amidst a sea of waves ; 
And when the water to his Mps applies, 
Bttck firtm hia lips the treMh'rws Auid iieiu" 

III the cop there b a hoUow fisuie of Tantalm, and if water 
is poured into it, so that it wall nearly reach to the 1^ of 
the inage, the water immediately sinks, and is drawn off 
again. The truth is there is a syphon concealed within the 
image, and when the water is poured into the cup, so as 
neany to reach the Hps, the fluid is then raised aoove the 
bend of the syphon, which of course then begins to act, and 
die water is drawn off by the longer leg in the manner al- 
rcachr described. Sometimes the syphon is concealed in the 
handle or in another part of the cup, in such a manner, that 
when a person raises it to his lips to drink out of it, the fluid 
whieh it contains shall be carried over the bend of the syphon, 
aaad it will then be drawn off by the longer leg, so that the 
person shall not only be disappointed of his draught, but will 
nare his dothes well spkriied, to the great amusement of the 
hgr-standers; 



LESSON THE FIRST. 

DESCRIPnOK OF THE 8CIENCB. 

1. The science of hydraulics teaches us how to esti- 
mate the velocity and force of fluids in motion; and 
the means of raising them in pumps, &c. 

2. Water can be only set in motion — (1.) By it? 
own gravity; as when it is allowed to descend from a 
higher to a lower level: or (2.) By an increased pres- 
sure of the air: in the former case it will seek the 
lowest situation, in the latter it may be forced to almost 
any height. 

3. K the pressure of the atmosphere be removed, 
water wiU rise above its natural level; as is the case in 
tlie action of the syphon. 

4. A syphon is a bent tube, one of whose legs is 
longer than the other. The shorter leg is immersed ii^ 
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the liquor that is to be drawn off, and the pressure of 
the air being taken from that part of the surface of the 
hquor within the tube, the liquor will rise above its 
natural level in the vessel, and wiU flow off through the 
longer leg. 

5. A syphon may be used by filling it with water or 
some other fluid, stopping both ends with the finger, 
and in this state immersing it in the vessel : the fingers 
being removed, the water will flow out of the longer 
leg, by its own gravity, and afterwards by the pressure 
of the atmosphere on the liquor in the vessel. 

6. Intermitting springs are caused upon the principle 
of the syphon. 

Illustbatzon. — ^In fig. H, 

Dig a reservoir under groond, 

which becomes filled with 

^ m water by means of rain, 

snow, &c. draining through 
the earth. ABC is a sort 
of natural syphon which can- 
no _ the reserroir comes to the level 
N D, it then begins to run, and will continue to flow till the 
reservoir is empty. It will now stop till it is again filled up to 
the same level N D. 

7. The velocity with which water spouts out at a 
hole in the side or bottom of a vessel, is in proportion 
to the square root of the distance from the hole below 
the surface of the water. 

Example. — If at the distance of one foot from the surface 
the velocity is 1, another hole at four feet from the surface 
would ^ve the velocity of 2, and at nine feet there would be 
a velocity of 3. 

8. The pressure of water against the side of a vessel 
is as the square of the depth. 

Example. — If a vessel be 3 feet deep and filled with water, 
the pressure upon the first foot will be 1, on the first and se* 
cona it will be 1 + 3 = 4, and on the whole side it will be 
1 + 3 + 6 = 9. 

9. Water by its pressure may be conveyed over hills: 
and valleys in bended pipes, to any height not greater 
than the level of the spring. 
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Fig, 13. 



Examples. — ^Water is carried from the New River Head at 
Islington to all parts of London : and the water on the Hamp* 
stead and Highgate hills supply the houses in Kentish Town> 
and the adjacent villages, situated in the low grounds. 

10. The common pump, fig. 13, sometimes 
called the sucking pump, consists of a pipe 
open at both ends, in which is a moveable 
piston that fits the bore exactly. 

11. The forcing pump, fig. 14, consists of 
a pipe or barrel, a plunger, and two fixed 
valves, so disposed as to let the water rise 
freely, but to hinder its return. 

Illustration. — In fig. 13 we have a re- 
presentation of a common pump, and in 
fig. 14, one of a forcing pump. The end B 
stands in water, as a well, and at D H there 
is a valve b, which opens upwards, and one 
of the same kind also a in the piston G. The 
piston moves up and down in the pipe A D, 
but is air tight. If the piston G be forced 
down, the air between a and h will escape 
through a, but cannot return, so that in lift- 
ing up the piston there would be a vacuum 
under it; but the pressure of the atmosphere 
on the water in the well forces the water up 
into the pipe A D, and when the piston is 
forced down again, the water makes its way 
through a, and as it cannot return, it will, on 
lifting up the piston, be thrown oat of the 
spout I, and the.operation may be continued 
at pleasure. 4 

In the forcing pump there is a valve open- 
ing upwards at D H, which admits the water 
into the space G H, but the plunger G is solid, this when forced 
down drives the water through the pipe M, into the vessel K K, 
from whence the valve at a prevents its return. The pipe G H is 
fixed into the vessel so accurately that no air can escape, there- 
fore the pressure of the air in K K, on the water X X, forces the 
water up a stream Z, and the more water is forced and the quicker;, 
the higher will be the stream. 

12. By the common pump the water can only be 
raised about 33 feet high, because the efiect is produced 
by the pressure of the atmosphere; and the weight of a 
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Golmim of the whole atmospliere is ecpial oidy to an 
equal cohimn of water 33 feet higfa« 

13. By means of forcing pumps water may be rraed 
to any height above its own ferel, proyided the ma-»- 
chinery be su£Giciently strong and powerfiiL On this 
principle engines for putting out fires, and for watenag 
gardens are formed. 

14. The steam-engine consists of a large cylinder or 
barrel, in which is fitted a sohd piston like that of the 
forcing pump. The steam supplied fix>m a large boiler 
dose by, forces up the piston, and a valve is instantly 
opened, through whidi cold water rushes, coBdenses 
the steam, and causes the piston to descend by its own 
weight. By this alternate motion the grandest opera- 
tions are p^ormed. 

QUESTIONS FOR EXAMINATION. 

1. Wliat does the iMrienoe of hydtisiiliiot teach ? 

ft» How is water set in motion? 

3, In what case will water rise above its Wrd 1 

•4b What do you mean by a syphon, and bow doea it act 1 

5. Can it be used any other way? 

6. What are intermitting springs ? 
Blnstrate this by the figvre. 

7. What ia.the role wit^ respect to the vriocity of watar 
spouting out at a hole? 

Give the example. 

8. What is the rulg f uf a at Jins Hn y tiia p r a ssiu eaf water agait 
the side of a vassel ? 

Give the example. 

9. How high can water be carried in pipes ? 
Mention the examples. 

10. Of what does the conmon pmp consist t 

11. Of what does the forcmg pump consiBt? 

Look to ^ figures and explain the structure ODd operation* 

12. How high can water be raised by acommon pump, and why! 
13* What are tiie necesauy requisites of Ibrdng pomps, and 

what engines are made on this prineipie ? 

14. Explain the principle of the steam engine. 
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OrrBHS FH£irOMEVA Of THE ATMOSPHERE. 



f g«ntl)r Ht enliTeniiif power. 
The gSKiftl i^, w« all aroood m UA 
Cheering, though unexplored by human sight"! 

Mrs, Sarbauld, 

The word phenomena, wkicb sta&dt at the head of this lesson, 
is one of vWy frequent occorrence in scientific compositions; 
it means, simply, app^urance. It is derived from the Greek 
verb Phainomai, which signifies to appear; hot it is gene^ 
nfly nsed to indicate any striking cr remarkable appearance. 
The atmosphere, as the student will find in the following 
lessons, means timt mass of air whidi surronnds thk globe. 
Ysriflins oonjeetnres have been made witii respect to the 
height of the atmosphere: and as we know to a certainty 
tiie relieve weight of a column ef the atmosphere by tlte 
height to which its prtssnre will raise water or mercury in 
aoy empty tube, so miferent calculations have been founded 
CD these data, to asoertaiB its extent as well as its density at 
deferent heights. If the air of our atmosphere was, indeed, 
every where of a uniform density, the proiAem would be veiy 
easify solved. We should in that ease have nothing more to 
do than to find out the proportion between the height of a 
iln>rt pillar of air, and a smul pillar of water of equal weight; 
and having compared the proporticm the heights of these 
bear to each othcar in l^e smaB, the same proportion win be 
wre to hold in the great, between a pillar of water 33 feet 
Ingh, and a pSlar of air that reaches to the top of the atmos^ 
phere, whose height I want to know. Thus tor instance, we 
find that a certain weight of water reaches 1 inch high, and 
a similar weight of air reaches 72 feet high : this then is the 
mroportion two sudi pfllars bear to each other in the smi^. 
Now if 1 inch of water is equal to 7^ feet of sir, to how much 
air will 32 feet of water be eqmd? By the eommon rule of 
.proportion I reacBly find that 32 feet or 384 inches of water 
wiH be e(jual to 331,776 inches, which makes something more 
than h miles; which would be the height of the atmosphere, 
was its denary every whete the same as at 1^ earth, where 
72 feet i^m^were eqaal to I ineh of water. 
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But this is not really the case; for the air'S density is not 
every where the same, but decreases as the pressure upon 
it decreases ; so that the air becomes lighter and lighter the 
higher we ascend; and at the upper part of the atmosphere, 
where the pressure is scarce any thing at all, the air dilatins^ 
in proportion, must be expanded to a surprising degree; and 
therefore, the height of the atmosphere must be much greater 
than has appeared by our calculation, in which its density is 
supposed to be every where as ereat as at the surfoce of the 
earth. In order, therefore, to determine the height of the 
atmosphere more exactly, geometricians have endeavoured 
to determine the density of tne air at different distances from 
the earth. The following sketch vnll give an idea of the 
method which some geometricians have taken to determine 
this density, which is preparatory to finding out the height 
of the atmosphere more exactly. 

Let us suppose a pillar of air to reach from the top of the 
atmosphere down to the earth's surface; and let us also sup- 
pose it marked like a standard by inches from the top to the 
bottom; let us still frurther suppose, that each inch of air, 
if not at all compressed, would weigh one gnm* The top- 
most inch then weighs one ^rain, as it sufrers no compres- 
sure whatever ; the second mch is pressed by the topmost 
with a weight of one grain; and thus added to its own na- 
tural weight or density of one grain, now makes its density, 
which is ever equal to the pressure, two grains. The third 
inch is pressed down by the weight of the two inches above 
it, whose weights united, make three grains, and these adde4 
to its natural weight, eive it a density of four grains. The 
fourth inch is pressed by the united weight of the three above 
it, which together make seven grains, and this added to its 
natural weight give it a density of eight grains. The fifth 
inch being pressed by all the former fifteen, and its own 
weight added, gives it a density of sixteen grains, and so on, 
descending downwards to the bottom. The first inch has a 
density of one, the second inch a density of two, the third 
inch a density of four, the fourth inch of ei^ht, the fifth of 
sixteen, and so on. Thus the inches of air mcrease in den- 
sity as they descend from the top, at the rate of one, two, 
four, eight, sixteen, thirty-two, sixty-four, and so on, which 
is csdled ffeometrical progression. Or if we have a mind to 
take this backwards^ and begin at the bottpm^ we may say,' 
that the density of each of these inches grows less upwards 
in a geometriail progression. If, instead of inches, wes up- 
pose the parts into which a pillar of air is divided to be ex- 
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tremely small, like those of air, the rule will hold good in 
these as well as in those. So that we may generally assert, 
that the density of the air from the surface of the earth de- 
creases in a geometrical proportion. 

This being understood, should I now desire to know the 
density of the air at any certain height, I have only first to 
find out how much the density of the air is diminished to a 
eertain standard height, and thence proceed to tell how much 
it will be diminished, at the greatest heights that can be ima- 
gined. At small heights the diminution of its density is by 
fractional or broken numbers. We will suppose at once then, 
for greater ease, that at the height of five miles, or a Dutch 
league, the air is twice less dense than at the surface of the 
earth: then at two leagues high, it must be four times thinner 
and less dense; and at three leagues, eight times thinner, and 
so on. Instead of Dutch leagues, suppose we took a German 
leaeue of seven miles, and that it was four times less dense 
at the height of the first Grerman league, then it would de- 
crease in the same proportion, and be four times less dense 
than the first, at the second league, that is, sixteen times; 
jmd four times less dense than the second, at the third league, 
that is, sixty-four times; and four times less dense than the 
third at the fourth league, that is, two hundred and fifty-six 
times less dense than at the surface. In short, whatever de- 
crease it received in the first step, it will continue to have in 
the same proportion in the second, third, and so on; and 
this, as I have said, is called geometrical progression. 

Upon the same principle it was attempted to calculate the 
height of the atmosphere. By carrying a barometer to the 
top of a high mountain, the densit3r of uie air at two or three 
different stations was easily ascertained. But alas! so feeble 
are human efforts in endeavouring to comprehend and mea- 
sure the works of the Great Creator, that this theory was 
«oon demolished. It was found that the barometrical obser- 
vations by no means corresponded with the density which 
by other experiments, the air ought to have had; and it was 
therefore suspected, that the upper parts of the atmosphere 
were not subject to the same laws or the same proportions as 
those which were nearer the surface of the earth. Another 
still more ingenious method was therefore devised. 

Astronomers know, to the greatest exactness, the place of 
the heavens in which the sun is at any one moment of time : 
they know, for instance, the moment in which it will set, and 
also the precise time in which it is about to rise. However, 
upon awaiting his appearance any morning, they always see 
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the lig^t ci Hbe mm hdete ita be^, wmA ^j mo the mm 
itodf lene niBotet sooner above umb BMNuitaui tof^ tbaa it 
ongl^ to appear firoHi their cakulalioni. Twili^ they ace 
long before the sun appears, and that at a time when they 
laiow that it is ei^te^i d^rees lower than the verge of the 
sky. There is then in this case somethiag that delves our 
lijght; f(Hr we cannot sappoae the aim to be so iRegukr hi 
his motions as to vary eveiy monmig ; tibia would distob the 
r^nlarity of nature. The decqition actually exists in the 
atmosj^ieie. By locking through this dense, transparent 
substance, ereiy celestial object that lies beyond it is seon- 
ingly raised iq>, in some such manner as we see a piece ai 
money kxdc as if raised higher in a basin filled with water. 
From hence it is plain, that if the atmosphoe was away, the 
sun's li^ would not be brougkrt to view so kmff in the 
morning befwe the sun itself actually Kp^pama. The aun 
without the atmosphere, would appear all Uazing in light the 
instant it rose, and lea^^e ns in total darkness uie instant id 
ks setting. The length of the twyight» thei«6>ie, is in pro-< 
pcfftion to the hei^t of the atmosphere; or let me mvert 
this and say, that the height of the atmo^^iere is in propor- 
tion to the length of the twilight It is generally found by 
this means to be about forty^^ve miles hi^ so that it wna 
hence concluded ^ther that, that wsa the actual limit of the 
atmospher)?, or that it must be of an eKtrwe rarity, indeed, 
at that height. 

The density of the air, however, depends not m^ely on 
the pressure it sustains, but on other drcumstanoes; so that 
it varies ev^i at the same height in differoat part^, and even 
m the same place at different times, as is seen by the mer- 
cury in the barometer rising to different heights according to 
the state of the weather. Heat in particular is a very power- 
fid cause in rarefyiiie the air. From this circumstance arises 
cme of the most striking and formidable of the atmospherical 
]^enomena, I mean the wind. Wind is nothing but a stoong 
current or stream of air. Whenev^, therefore, the air is 
heated by the sun, or by any other meanh, it will be rarefied, 
and less able to resist the pressure of ihe ad|jacent air, which 
will consequently rush in to restore the equilibrium, to speak 
in the tecluucal language of philoso{^y, or in plain terms, to 
reduce the rarefied part to a uniform density with the other. 
This current of air is sensibly felt near the door of a glaaa- 
hottse, or wherever there is a large fire. A current of air is 
also to be perceived rushing through the key-hole, or any 
chiak or crevice^ into a heated room. This may serve to 
give the student a general idea of the causes of winds. 
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LESSON THE FIRST. 

AIB. AND ITS PHOPERTIES. 

1 . The science of pneumatics treats of the mechanical 
properties of elastic fluids, such as their weight, density, 
compressibility, and elasticity. 

2. The air which we breathe, and in which we live, 
surrounds the earth, and extends to a very considerable 
he%ht above it on all sides. 

3. The air together with the cbnds and vapours 
floating in it, is call the atmosphere. The air is invi- 
sible because it is transparent. 

4. The motion of the hand or of a stick, or whip, 
proves the existence of air as a r^isting medium. 

5. The air, Hke other bodies, has weight : for if a 
quart bottle be emptied of air and weighed, it will be 
found 16 or 17 grains lighter than it was before ex- 
haustion : air is therefore between eight and nine hun- 
dred times lighter than water. 

6. The weight of the air is variable; its changes and 
relative weights are ascertained by means of the baro- 
loeiter; for as the mercury is higher or lower, Uie air 
is heavier or lighter. 

7. The atir is heavier new the earth's sur^kce, and 
lighter as we ascend, till at length, in the higher regions 
of the atmosphere, it is almost nothing at aU. 

8. The air bemg a heavy body, presses like other 
fluids in every direction upon whatever is immersed in 
it, and its pressure is equal to that of a column of quick- 
silver, about 29 or 30 inches in height. 

9. The pressure upon a common 'sized man is equal 
to more than 30,0001b. we%ht, because the sinfface of 
his body is about 14 square feet, or 2016 inches, and 
a column of quicksilver 29J inches hi^ and 1 inch 
square, weighs 151b., therefore the whole pressure will 
be 2016 X 15 = 302401b. 

10. The external pressure of the atmosphere would 
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be fatal to our existence if it were not balanced by an 
internal pressure which reacts against it. 

11. The air can be compressed into a much less 
space than it naturally occupies. 

12. The air is of an elastic nature, and the force of 
its spring is equal to the compressing force. 

13. Air-pumps are machines for exhausting the air 
from certain vessels adapted to the purpose : and by 
means of these the mechanical properties of air are 
completely ascertained. 

Explanation. — In fig. 1, 
we have the representa- 
tion of a portable air- 
pump. B B are two brass 
barrels, each containing 
a piston with a valve 
working upwards. The 
pistons are worked by 
means of a winch W, 
which moves them up 
and down alternately. On 
the wooden frame D £ is 
a brass plate ground per- 
fectly flat and even, and 
Fig. 1. & tube communicating 
with the two cylinders and the cock I, and opening into the centre 
of the plate X. K is a glass receiver to be exhausted of air, made 
to fit very accurately on the brass plate. Having shut the cock I, 
the pistons are worked up and down, and the air is suffered to 
escape by them at C C, but it cannot return. As the air is ex- 
hausted the receiver becomes immoveably fixed by the pressure 
of the external air, there being none within to counterbalance the 
pressure from without. 

QUESTIONS FOR EXAMINATION. 

1. Ofwhat does the science of pneumatics treat? 

2. How far does the air extend ? 

S. What is the atmosphere, and why is it invisible ? 

4. How is the existence of the air known ? 

5. Has the air weight, and how is it ascertained ? 

6. Is the weight variable, and by what means are its changes 
ascertained ? 

7. Where is the air hpQvier and where is it lighter? 
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8. What is the pressure of the air equal to t 

9. What is the pressure of the air on a common sized man 
equal to, and why? 

10. Why is not the external pressure of the air fatal to us 1 

11. Is the air compressible ? 

12. What is its elasticity equal to ? 

13. What are air-pumps used for? 
Explain the structure of one. 



LESSON THE SECOND. 

EXPERIMENTS. 

1. If a light substance, as a feather or slip of paper, 
and a heavy one, as a penny or a guinea, be dropped 
together from the hand, the metal will reach the ground 
first, which proves the resistance of the air : for 

2. If a tall glass receiver be exhausted of its air, and 
in that state a guinea and a feather be dropped from 
the top, they will both reach the bottom at the same 
instant, because now there is no resisting medium 
through which they have to pass. 

3. If air be 800 times lighter than water, then a 
cubical foot of air will be equal to 1000 ounces divided 
by 800, or equal to IJ ounce; therefore in a room 
25 feet long, 14 feet wide, and 12 feet high, the air will 
weigh 25 X 14 X 12 X l^* or 5.250 ounces, equal 
to 3281b. 

4. If a cup of porous wood containing mercury be 
placed on the receiver of an air-pump, and the air be 
exhausted from under it, the external pressure of the 
atmosphere will force the mercury through the pores of 
the wood in a shower. 

5. If the air be taken from the pores of a dry piece 
of wood, and if then it be held under mercury while 

* The number of cubical feet contained in any space is found by 
multiplying the length, breadth, and height into each other, and the 
product 4200 multiplied by 1^ (because each cubical foot of air weighs 1^ 
ounce) gives the weight of the air in ounces — 5250. 

B 
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the external air is admitted into the receivei:, the mer- 
cury will be forced into all the pores. 

6. If two brass hemispheres three or four inches in 
diameter, made for the purpose, be put together, and 
the internal air exhausted, the pressure from without 
will require 150 lbs. to separate them. But if the ex- 
ternal air be taken away they will separate of themselves. 

7. If a square phial be exhausted of its air, while 
under a glass receiver, and the air suddenly let into the 
receiver, as it cannot get into the phial, it will dash the 
sides to pieces by the pressure of the air. 

8. The elasticity of air is shewn by tying up a very 
small quantity of it in a bladder, and putting it under 
the receiver; when the receiver is exhausted the small 
quantity of air in the bladder will by its elasticity com- 
pletely fill the bladder. 

9. If a square phial filled with air, and accurately 
corked, so that none may escape, be put under a re- 
ceiver from which the air is to be taken, then the elastic 
force of the air within the phial will Inreak it to pieces. 

10. I cover a small cork swimming on a vessel of 
water, with a glass goblet, which I force down perpen- 
dicularly through the water. The cork shews that the 
surface of the water within die goblet is not on a level 
with the- surface without, which proves that air is a 
body which prevents water from occupying the same 
space with itself, and also that air is compressible, be- 
cause the water ascends to a small height in the glass. 

1 1 . The smoke of a candle will ascend in the air, 
but in an exhausted receiver it will Ml to the bottom, 
which shews that it generally ascends, because it is 
lighter than the air. 

12. Tlie sound of a bell may be heard while it is 
under a receiver full of air, but as soon as the air is 
exhausted there will be no more sound. Henee air is 
necessary to the propagation of sound. 

13. Animals will not live, nor candles bum a single 
instant, in an exhau^ed receiver. 

14. In condensed air. the sound of a bell is much 
louder than in common air. 
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15. Air may be con- ^ss^si^,mmm.mi^^^^ 
densed into fifty thou- 
sand times less space 

than it usually occu- "^ 

pies, and on this prin- ^^8' *• 

ciple air-guns are constructed, which will kill birds and other 
animals at the distance of seventy or eighty yards. Fig. 2, 

Explanation. — ^The air-gun in shape is like a common 
musket, Imt just below the lock is a coppner ball, A, which 
screwB off and on: when detached from the piece, it is charged 
by means of a syringe, with condensed air, and then screwed 
on again. The ball has a stop-cock at a which is shut when 
it is not on the gun. The bullet is rammed in the same way 
as we charge a musket, but it must fit the barrel exactly: the 
stop-cock is now turned, and by drawing the trigeer, a small 
Talve is opened at the bottom of the benrel, which suffers so 
much of the condensed air to escape as will force out the 
bullet to the distance of sixty or seventy yards. The ball A 
will contain eight or ten charges, and as there are two balls 
to a gun, one may foe carried m the pocket to be made use 
of when the other is exhausted. 

QUESTIONS FOR BXAMINATION. 

1. What experiment proves the resistance of the air ? 

2. In what case will a heavy body and a light one fall with 
tiie same Telocity ? 

3. How much does a cubical foot of air weigh, and how do 
you calculate the weight of air in any space, as a room ? 

4. By what means can mercury be forced through wood ? 

5. How can it be forced into the pores of wood? 

6. What is the experiment with the brass hemisphei«s ? 

7. In what way can a square phial he broken by the external 
preMniTe of the air ? 

8. How is the elasticity of the air shown by a bladder ? 

9. How can a phial he broken by the elasticity of the air ? 

10. What experiment shews that air is a body, and is also 
fiOBipressihle ? 

11. Why does smoke generally ascend ? 

12. Is air necessaxy to sound, and why ? 

IS. Is air necessary to ammal life and combustion ? 
14* Is sound louder in condensed or in common air ? 
15. Can air be very much condensed, and what instruments 
•re eonstmeted by condensed air ? 

Explain the construction and use of the air«gun. 
b2 
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LESSON THE THIRD. 

ON THE ATMOSPHERE AND METEOROLOGT. 

1. The atmosphere which surrounds the earth is es- 
sential to the existence of all animal and vegetable life ; 
could it be withdrawn, the whole earth would be one 
continued scene of desolation : man, and other animals, 
would instantly die; vegetables would for ever cease; 
there could be no rain nor dew to moisten the ground, 
and the Ught of the sun and stars could render it but 
httle advantage. 

2. The air in motion is wind. 

3. The mechanical force of the atmosphere, or wind, 
is of great importance in the a£fairs of men, who em- 
ploy it in the motion of their ships, in turning their 
mills, in evaporation, and in a thousand other opera- 
tions. 

4. If the atmosphere were in every part equally dense, 
it would not be more than about five miles in height, 
because the weight of the atmosphere being equal to a 
column of water 33 feet high, and water being 800 
times heavier than air, the height of the air would be 
800 X 33 feet = 26400 feet = 8800 yards = 5 miles.. 

5. But as the density of air diminishes according to 
its height, it is found to be about 45 miles high. 

6. The atmosphere has a refracting power by which 
we see the light of the sun some minutes before it actuajly 
rises above the horizon, and some minutes after it has 
sunk below it. 

7. The atmosphere has also a reflective power, by 
which objects are enlightened on all sides, and with- 
out this property in the air we should only see those 
parts of objects on which the sun directly shines. . 

8. Atmospheric air consists principally of two other 
gases called oxygen gas and nitrogen gas, in the pro- 
portion of about one part of oxygen, and three of ni- 
trogen gas. 
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9. It supports combustion and animal life by the 
agency of the oxygen gas. 

10. The barometer is intended to measure the dif- 
ferent degrees of density of the atmosphere, and the 
mercury rises and falls according as the weight of the 
air is greater or less, but it seldom rises higher than 
30 J inches, and is but rarely so low as 28 J inches. 

1 1 . The thermometer is designed to mark the changes 
in the temperature of the atmosphere with regard to 
heat and cold. Thermometers in this country are gra- 
duated upwards and downwards; 32** being put at the 

Eoint of freezing, 55^ is called temperate, and 76° summer 
eat. It has l^en known in this country as high as 94**, 
or 95», and as low as 20° below 0, or 52° below the 
freezing point. 

12. The hygrometer is an instrument contrived for 
measuring the degrees of moisture in the atmosphere; 
it is differently constructed : a very sensible one is 
simply a piece of whip-cord or catgut fastened at one 
end, and stretched over several pulleys, and at the other 
end are a little weight and index which move up and 
down a graduated scale. 

13. Hempen cords, &c. shorten in damp weather, 
and lengthen when the air is very dry, and therefore 
according as the index b high or low the air is moist or 
dry, which is the theory of this kind of hygrometer. 

14. The rain-gauge measures the quantity of rain 
that falls: it consists of a funnel 12 inches in diameter, 
attached to a tube 4 inches in diameter : in the tube is 
a floating gTaduated index which rises as the rain falls 
in the funnel and tube. By this instrument the 900th 
part of an inch of rain may be estimated. 

15. One of a more simple construction consists of a 
funnel, the area of whose top is 10 square inches pre- 
cisely, and the quantity of rain fallen is estimated by 
weight. Thus, if 16 ounces of rain are collected then 
16 X .173 = 2.768 shews that the rain fallen is equal 
to rather more than 2J in depth. 

* 16. By the agency of air, water is raised in vajpour 
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from the earth, and forms clouds , which are %ldom so 
high as four or five miles. 

17. Clouds when sufficiently condensed either by the 
colder regions of the atmosphere^ by electricity, or other 
causes, fall down in rain, 

18. When the higher regions of the air are diffidently 
cold, the vapours after condensation are frozen, and the 
particles descend in the shape of feathery flakes of 
snow, 

19. When the drops of rain are frozen as they fall, it 
descends in the shape of hail, 

20. Dew which falls in a summer's evening is part 
of the vapour raised in the day by the heat of the sun, 
which is condensed and falls down with the evening's 
cold. In cold nights the dew becomes frozen in the 
form oi hoar frost. 

QUESTIONS FOR EXAMINATION. 

1. Of what use is the atmosphere? 

2. What is wind ? 

3. To whtt purposes has the mechanical force of wind been 
applied 1 

4. If the atmosphere were everywhere equally disuse, how high 
would it reach, and why? 

5. How high is it actually ? 

6. What advantage is gained by the refracting poller of tite 
atmosphere I 

7. What advantage is gained by the reflecting power of the 
atmosphere ? 

8. Of what does atmospheric air consist ? 

9. Which part of the air supports combustion and animal lilb? 

10. For what is the barometer used ? 

11. For what is the thermometer designed? 
1^, For what is the hygrometer intended ? 

13. Explain the theory of the hygrometer: 

14. Of what does the rain-gauge consist? 

15. What is the construction of a mom simple raint^^gd t 

16. How are clouds fbrmed ? 

17. How is tain produced? 
16. Of what is snow formed? 
19. What is hail? 

fO* What is dew, how is it fomed^ and what is it when froient 
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ACOUSTICS. 

ON SOUND AND THE »£NS£ OF HEARING. 

*' Mark how the spirits, watchful in the ear. 
Seize undulating sounds, and catch the vocal air.**— >Btocihnor«. 

Sound may be defined to be a perceptioii of tbe soul com- 
mimicated by means of the ear; or the effect oi a collision 
of bodies, and a tremulous motion in consequence of that 
collision, communicated thence to the circumambient fluid, 
and propagated through it to the organs of hearing. 

To explain this defi^tion I must observe, that When obtuse 
bodies move in elastic fluids, they condense that part towiwd 
ndiich they move, at the same time that the part from which 
they recede is rarefied. This condensation or rarefaction 
must produce an undulator}^ or vibrating motioB in the fluid. 
Thus, if a bod^ by percussion or otherwise, be put into a 
tremulous motion, every vibration of the body will excite a 
wave in the au*, which will proceed in all directicms so as to 
form a hollow sphere; and the quicker the vibrations of the 
body succeed each other, the less wiU be the distance between 
each successive wave. The sensation excited in the mind by 
means of these waves, which enter the ear and produce a 
like motion in a thin membrane, stretched obliquely across 
the auditory passage, is called sound, fiut the term is fre- 
quently used to imply, not only the sensation excited in the 
mind, but likewise the affection of the air, or of the sonorous 
body by which that sensation is produced. Hius we say, that 
a sound is in the air, or that a body sounds when struck,, al- 
though the affection of the air ex body is very diffisrent from 
the sensation. 

That bodies move or tremble when they produce sound, 
requires no particular pro<^; it is evident in drums, bells, 
ana other instruments, whose vibrations beinjg large and 
strong, are therefore more perceptible: and it is equally 
dear, t^at a similar vibration is excited in tbe air> because 
this vibration is communicated through the tat to other bodies 
that are adi^ted to vibrate in the sano nuuoiBeri thus Mh, 
glasses, basins, imd musical strings, wyi* sound mxMAy by tte 
action propagated from other soimding bodies. 

It is established as well by mathematical reasoning from 
the nature of an elastic fluid^ as from experkn^it, &a^ aS 
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sounds whatever arrive at the ear in equal times from sound- 
ing bodies equally distant. This common velocity is 1142 
English feet in a second of time. The knowle^e of the 
velocity of sound is of use for determining the distance of 
ships, or other objects : for instance, suppose a ship fires a 
gun, the sound of which is heard five seconds after the flash 
IS seen; then, 1142 multiplied by 5, gives the distance 5710 
feet, or one English mile and 430 feet. 

When the serial waves meet with an obstacle which is 
hard, and of a regular surface, they are reflected, and con- 
sequently, an ear placed in ^e course of these reflected 
waves will, perceive a sound similar to the original sound, 
but which will seem to proceed from a body situated in like 
position and distance behind the plane of reflection, as the 
real sounding body is before it. This reflected sound is 
called an echo. 

This echo, or repercussion of sounds, is chiefly observable 
in smooth, tortuous, and hollow places, as in valleys, caves, 
and walls, especially in old vaulted buildings. An echo, 
therefore, as a pleasing, and very often wonderful circum- 
stance, could not fail to enter into poetical descriptions, and 
to be the subject of fiction and personification. The Hebrews 
styled Echo, the daughter, ana the Greeks and Latins, the 
image qf the voice. Thus Virgil 

" Nor hollow rocks that render back the sound. 
And doubled images of voice rebound.'* — Dry den. 

and Horace 



' whose hallow'd name 



The sportire image of the voice» 

Shall in the shades of Helicon repeat. 

On Pindus, or on Hnmus ever cooL** — Francis, 

Milton, moreover, makes a noble poetical use of the philo- 
sophy of echoes in Adam's morning hynm. 

" Witness if I be silent, mom or eren. 
To hill or ralley, fountain, or fresh shade. 
Made vocal by my song, and taught his praise." 

To return to the philosophy of the subject. The waves of 
sound beins thus reflexible, nearly the same in effect, as the 
rays of light may be deflected, or magnified, by much the 
same contrivances as are used in optics. From this prin- 
ciple of reflection it happens that sounds uttered in one focus 
of an eUiptical cavity are heard much magnified in the other 
focus: instances of which are found in several domes and 
taults, particularly in the whispermg gallery of St. Paul's 
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catliedral in London, wbere a whisper uttered at one side 
of the dome is reflected to the other, and may be very dis- 
tinctly heard. On this principle also is constructed the speak- 
ing trumpet, which either is, or ought to be, a hollow para- 
bolic conoid, having a perforation at the vertex, to which 
the mouth is to be appUed in speaking, or the ear in hearing. 

But to what purpose would be all these observations on 
the nature and properties of sound, if the human frame were 
not made capable of receiving it ? How adorable then is the 
goodness of the Great Creator, in having not only disposed 
the air in such a manner that sound may be produced by 
vibrations, but in having given us an organ capable of re- 
ceiving these sonorous vibrations. 

The position of the ear is admirable; for it is placed in the 
most convenient part of the body, near the brain, the common 
seat of all the senses, to give the more speedy information, 
in a part where it can be best guarded, and in the neigh- 
bourhood of its sister sense, the eye, with which it has a pecu- 
liar and admirable communication by its nerves. 

The first thing observable in the human ear is the auricle, 
or external ear, with its tortuous cavities, formed to stop 
and collect the sonorous undulations, to give them a gentle 
circulation and refraction, and to convey them to the concha, 
or large capacious round cell, at the entrance of the ear; and 
the great contrivance visible in the outward ear, is in nothing 
more apparent than in this circumstance, that they whose 
ears are cut off, have but a confused way of hearing, and are 
obliged either to form a cavity round the ear with their hand, 
or to make use of a hearing trumpet to supply the defect. 
The cartilaginous substance of the out^^ard ear is, very ob- 
viously, another wise provision of the Great Creator. 

In the interior part of this admirable organ we may ob- 
serve, in the first place, the auditory passage curiously tun- 
nelled and turned, to give sounds an easy passage, as well 
as a gentle circulation and refraction, and likewise to pre- 
vent their too furiously rushing in, and assaulting the more 
tender internal parts. 

To prevent, moreover, the entrance of noxious insects 
which are apt to make their retreat in every little hole. Na- 
ture has secured this passage with a bitter nauseous sub- 
stance, called the ear-wax, which is supplied by the glands 
appointed for that purpose. 

The next principal thing to be observed, is the membrana 
tympani, or drum of the ear, with its inner membrane, the 
four little appendant bones, and the three inner muscles to 
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more them, and to adjust tbe whole system to the several 
purposes of hearing, to hear loud or aaSt, diaoordant or 
agreeable sounds. 

The passaffe just behind the drum of the ear is called the 
vestibutum; being as it were, the anti-chamber or entrance to 
two other cavities. The first of these is called the labyrinth, 
and consists of certain semi-circular canals; and the second 
is called cochlea, from its resemblance to a snail shell. The 
labyrinth appears to have something of the mechanism and 
uses of a hearing trumpet; while the cochlea appears to be 
destined for the more delicate and refined uses of hearing, 
such as the forming and modulating of ynmnnal and harmo* 
nious sounds. 

There is one particular contrivance of the nerves minister- 
ing to this sense, that I must not pass over ; whieh is, that 
the branches of one of the auditory nerves, spread partly to 
the muscles of the ear, partly to the eye, partly to the tongue 
and instruments of speech, and inosculated with the nerves that 
go to the head and breast. By these means there is an ad- 
mirable and useful consent between the parts of tbe body; it 
being natural for most animals upon nearing any uncooth 
noise, to erect their ears, and prepare them to catch every 
soimd ; to open their eves, those constant, fisithful sentinels, 
to stand upon the watch : and to be ready with the mouth to 
cry out and utter what the present exigency may suggest. 
And this is accordingly usual for most animals, when sur- 
prised or terrified by any frightful noise» 

Such is the nature and properties of sound, and such the 
admirable structure and uses of the ear. If it be asked why, 
when a word is pronounced it excites a certain, idea, and not 
a simple tone? or how a sound can act upon the soul, and 
produce so many dififerent notions? we are obliged, in this, 
respect, to confess our absolute ignorance. We know enough, 
however, to be assured that the ear is one of the most con- 
vindng proofis in nature of the divine wisdom and gomhrass; 
and well may we exclaim with the devout Davi^ ''Such 
knowledge is too wonderful for me: it is high and I cannot 
attain unto it. But I will praise Thee, O Lord, for I way. 
fearfully and wonderfully made." 
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ACOUSTICS. 

ANALYSIS OF THE SCIEHCE. 

1. Acoustics is a science which instructs us in th6 
nature of sound. It is divided into cliacoustics, which 
explains the properties of those sounds that come 
directly from tie sonorous body to the ear; and cata- 
cousHcs which treats of reflected sounds. 

2. Most sounds that affect us are conyeyed to the 
ear by means of the air : but water is a good conductor 
of sound : so also are timber and flannel. 

EXPERIMENTS. 

(1.) A bell rung imder water returns a tone as distinct as if 
rung in air. 

(2.) If you stop one ear with a finger, and the other by 
pressing it close to a long stick or piece of deal board, and a 
watch he held at the other end of the wood, the ticking will 
be heard, be the stick or board ever so long. 

(3.) If you tie a poker or any piece of metal on to the middle 
of a strip of flannel about two or three feet long, and then 
press with the thumbs or fingers the ends of the flannel into 
your ears, while you swing tne poker against an iron or steel 
fender, you will hear a sound like that of a heavy church beU. 

3. A body while sounding is in a state of vibration, 
which it communicates to &e surrounding air, the un- 
dulations affect the ear, and excite m us the sense of 
sound. 

4. Sound travels at the rate of 1142 feet in a second, 
or about 13 miles in a minute. This is the case with 
all kinds of sounds : the softest whisper flies as &st a« 
the loudest thunder. 

5. The velocity of sound has been applied to the 
measurement of dntances* 

EXPERIMENTS. 

(1.) A ship at sea in distress fires a gun, fhe H^ of which 
is seen on shore 20 seconds befbre the report is heard, tber»* 
fore it is known to be at the distance of 20 times 1142 fee^ 
or little more than 4} miles. 
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(2.) I see a Tiyid flash of lightning, and in three seconds I 
hear a tremendous clap of thunder, I instantly know the 
thunder cloud is only about two-thirds of a mile distant, I 
should therefore retire instantly from any exposed situation. 

(3.) The pulse of a healthy person heats about 76 times in 
a minute, i£ therefore between the flash of lightning and the 
thunder I can feel 1, 2, 3, 4, &c. heats of my pulse, I know 
the cloud is 900, 1,800, 2,700, 3,600 feet from me. 

6. Sound, like light, after it has been reflected from 
several places, may be collected into one point as a 
focus, where it will be more audible than in any other 
part; and on this principle whispering galleries are 
constructed. 

7. Speaking trumpets and those made to assist the 
hearing of deaf persons, depend on the reflection of 
sound from the sides of the trumpet, and also by its 
being confined and prevented from spreading in every 
direction. 

8. A speaking trumpet, to have its fiiU eflect, must 
be directed in a line towards the hearer : the report of 
a gun or cannon is much louder when fired towards a 
person, than one placed in a contrary direction. 

9. An echo is the reflection of sound striking against 
a surface fitted for the purpose, as the side of a house, 
a brick wall, hill, &c. 

EXPERIMENTS. 

(1;) If a person stand about 65 or 70 feet from such a sur- 
face, and perpendicular to it, and speak, the sound will strike 
against the wall and he reflected back, so that he will hear it 
as it soes to the wall, and again on its return. 

(2.) If a bell situated in the same way be struck, and an 
observer stand between the bell and the reflecting surface, 
he will hear the sound going to the wall, and also on its 
return. 

' (3.) If the sound strike the wall obliquely, it will go off 
obliquely, so that a person who stands in a direct line between 
the bell and the wall will not hear the echo. 

. 10. Tlie variety of sounds depends on the frequency 
of the vibration, on the quantity and force of the vi- 
brating particles, and on the simplicity of the sounds ; 
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Lence are derived the height, strength, and quality of 
sounds. 

1 1 . Music is any succession of sounds, that excites 
in a well disciplined ear certain agreeable sensations. 
Sound is therefore the subject matter of music, and it 
is harmony that makes sounds musical. 

12. Harmony k the coincidence of two or more 
sounds, which by their union a£ford to the mind plea- 
sure and delight. 

13. Two strings of equal length, tension, and thick- 
ness, by performing their vibrations together, will sound 
the same note, or be in unison. Two pipes of the same 
length and diameter will agree in the same manner. 

Explanation. In the case of the strings, the air is struck 
by the body, and the sound is excited by the vibrations : in 
that of the pipes the body is struck by the air, but as action 
and re-action are equal, the effect is the same. 

14. Large instruments and long strings produce grave 
or deep tones : small instruments and short strings pro- 
duce acute and high tones. 

Examples. — Let a musical string of any length be divided 
into two equal parts by a bridge in the middle : and the sound 
of each half is ei^ht notes, or an octave, higher than the tone 
of the whole strmg. — Organ pipes produce grave or acute 
tones in proportion to their length and size. It is the shortest 
string of a harpsichord which yields the highest notes. 

QUESTIONS FOR EXAMINATION. 

1. What is meant by the science of acoustics, and how is it 
divided t 

2. How are sounds conveyed to the ear ? 
Give an account of the experiments. 

3. How is the sense of sound excited ? 

4. At what rate does sound travel ? 

5. To what purpose has the velocity of sound been applied 1 
Give an account of the experiments. 

6. Can sound be collected in a focus ? 

7. On what principles do speaking trumpets depend ? 

8. How must a speaking trumpet be situated to produce the 
fUl effect? 
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9. What u an echo? 

Give an account of the experiments. 

10. On what does the variety of sound depend ? 

11. What is meant hj music ? 

12. What is harmony? 

Id. When will tvto strings and two pipes be in vnison ? 
Give the explanation. 

14. Which instrument prodiicet deep, and which acute UmM ? 
Produce the examplea* 



OPTICS. 



ON VISION. 

*' With thought from p wpo es e i iio n free, reicct 
On solar rays, ai they the light respect. 
The beams of light had been in rain display'd, 
Had not the eye been fit for Tision made : 
In vain the Author had the eye prepar'd 
With so much skill, had not the light appeared.*' 

Blackmore, 

Ip the eonfltraction of the tmirene were not to ericbnt a 
TOTOof of tiie existence of a supremely wise and benevolent 
C/reator, as to render pstticular arguments unneeessaiy, tiie 
structure of the eye might be off^ed as one, by no means 
the least. This instance, amongst numberless others, demon- 
strating that the most ex(}uisite performances of art, are in- 
finitely short of those which are continually {m)duced by the 
Divine Mechanic. 

Of all the senses the sight is that whidi furnishes the soul 
with the (quickest, most extensive, and most varied percq>- 
tions. It IS the fertile source of the richest treasures of ima- 
gination, and it is to that principally, that the soul owes the 
ideas of beauty, and of that varied unity titat enchants it. 

'' Our sight," indeed, as observed hy an admirable writer, 
''is the most perfect and deligfatfy of all our senses. It 
fiUs the mind with the largest variety of ideas, converses with 
its objects at the greatest distance, and continues the longest 
in action, without being tired or satiated with its proper en- 
jovments. The sense of feeling can indeed give us a notion 
of extension, shape, and all other ideas that can enter at tiie 
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eye, except colours ; but, at the same time, it is very much 
straitened and confined in its operations, to the number, bulk^ 
and distance of its particular objects. Our sight seems de- 
signed to supply all these defects, and may be considered as 
a more delicate and difiusive kind of touch, that spreads itself 
over an infinite multitude of bodies, comprehends the largest 
figures, and brings into our reach some of the most remote 
parts of the universe." 

The eye is composed of several timics, or coats, one within 
the other, and is filled within with transparent humours of 
different refractive densities. The external tunic, called the 
sclerotica, is white on the anterior part, except a circular 
portion immediately in front, which is transparent, and more 
convex than the rest of the eye: this transparent part is 
called the cornea. Immediately adherent to the sclerotica 
within, is the chorides, or uneaj which, at the circumference 
of the cornea, becomes the iris, being expanded over great 
part of its surface, though not contiguous to it. The iris is 
composed of two kinds of muscular fibres; the one sort tend 
like the radii of a circle towards its centre, and the others 
form a number of concentric circles round the same centre. 
The central part of the iris is perforated, and the orifiee 
which is called the pupil, is of no constant ma£;nitude, for 
when a very himinous object is viewed, the circular fibres of 
the iris contract and diminish its orifice; and, on the other 
hand, when objects are dark and obscure, the radial fibres of 
the iris contract; and enlarge the pupil, so as to admit a 
greater quantity of light into the eye. The iris is variously 
coloured in different persons, but according to no general 
rule. In general, they whose hair and complexion are light- 
cdoured have the iris blue or grey; and on the contrary, 
they whose hair and complexion are dark, have the ins of a 
deep brown. But what specific difference this may occasion 
in the sense, or whether any at all, is not discoverable. 
Within the unea is another membrane, which at the circum- 
ference of the cornea becomes fibrous, and is called the ligu' 
mentum dUare, This ligature is attached to the circum- 
ference of a double convex lens, whose axis corresponds with 
the centre of the pupil; and which, by means of the fibres, 
can be altered, in a small de^ee, in position, and perhaps in 
figure. This lens is termed the crystalline humour; and is 
included in a very strong and transparent membrane called 
the arachnoides. Between the crystalline humour and the 
cornea^ is contained a clear transparent fluid called the aque- 
ous humour: and between the crystalline humour and the 
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posterior part or bottom of the eye, is included another clear 
transparent fluid, which is called the Titreous humour. The 
refractiye density of the crystalline is greater than those of 
the luminous that surround it. On the side next the nose, a 
nerve is inserted in the bottom of each eye, about twenty-five 
degrees from the axis of the crystalline, which, after entering 
the eye, is spread into an exceeding fine coat of net-work 
termed the retina. Lastly a very bmck mucus or shme, is 
spread over all the internal parts of the eye, that are not trans- 
parent, except the anterior part of the tris, which as I have 
oefore observed is coloured. 

From this account of the structure of the eye, I shall pro- 
ceed to that of vision, or the act of perceiving external ob- 
jects by the organs of sieht. And this is well defined to be 
a sensation, by which, from a certain motion of the optic 
nerve, made in the bottom of the eye by the rays of hght 
emitted or reflected from objects, and hence conveyed to the 
common sensory in the brain, the mind perceives the lumin- 
ous object, its quantity, quality, figure, &c. And thus all 
modem philosophers agree, that vision is performed by rays 
of light, reflected from the several points of objects received 
in at the pupil, refracted and collected in their passage, 
through the coats and humours before-mentioned, to the 
retina, and thus striking, or making an impression on so 
many points of it; which impression is conveyed to the 
brain, &c., by the correspondent capillaments, or fibres, of 
the optic nerve. 

The cornea, or second coat of the eye, being of a convex 
figure, performs the office of a glass lens. To illustrate this 
by a familiar example : put a glass lens into a hole made in 
the window shutter of a dark room; present a pasteboard to 
this lens, and you will immediately have a picture, in which 
all the objects without will be painted to the greatest preci- 
sion, and according to all the rules of the most exact per- 
spective. It will be like a moving picture whenever these 
ODJects move. You will then see rivers rushing down from 
the tops of mountains, and meandering in the plains; birds 
hovering in the air, fishes sporting on the surface of the 
water; flocks frisking in the meadows; and in fine all the 
possible varieties of prospect. 

Substitute instead of the lens, the real eye of an ox, newly 
stripped of its leguments, and you will have the same picture 
on the membrane which covers the bottom of it; but all the 
figures will be painted in a much smaller size. You can 
never be tired oi admiring the extreme delicacy of this piece 
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of miniature, and you will be astonished to behold a field 
fifteen or twenty miles square, exactly delineated on a piece 
of vellum of a few lines in length. 

The structure of the eye of an ox is the same, with respect 
to the essential parts of it, as that of ours ; and thus the me- 
chanism of vision is explained. The humours of the eye are 
the lens of the camera obscura; the retina is the pasteboard. 
The black skin which hangs within the pupil performs the 
office of a shutter that excludes the light, it extinguishes the 
rays whose reflection would render the image less distinct. 
The pupil, by contracting or dilating itself in proportion to 
the strength of the hght, moderates the action of the rays on 
the retina; and the nerve placed behmd this, communicates 
to the brain, as before observed, the various concussions it 
receives, and to which various perceptions correspond. 

In the theory of vision there are many curious phenomena, 
which have exercised the ingenuity of the most learned men. 
Whence comes it, for instance, that all external objects are 
painted inverted on the retina, and that we see them, never- 
theless, in their real situation ? Whence is it that objects of 
the greatest magnitude are delineated on the eye with ex- 
treme minuteness, and yet we perceive every thing in its 
proper size ? Whence is it that if we look down from the 
top of St. Paul's cathedral, we see beneath us the many thou- 
sand houses of this great metropolis, each painted so exactly 
in our eye in a space hardly three times larger than the head 
of a pin? So many millions of rays enter by a very small 
aperture; they are united on the retina at the bottom of the 
eye, without confusion, and constantly preserving the same 
order which the points of the objects had, that emitted them. 
LfCt us ascend a high rock, and observe a fleet in full sail at 
sea; let us contemplate the sea itself, and what milUons of 
waves may be discovered ! Each of these, nevertheless, re- 
flects masses of rays upon our eye, the size of which is so 
minute. In an extensive coimtry prospect, every tree, and 
even every blade of grass emits its rays; without which it 
would be impossible for us to perceive the uninterrupted 
verdure of all the fields beneath us. Is it not wonderful too, 
that we do not see objects double; and that although we 
have two eyes, each object still appears but one. 

But there is another circumstance to excite our admira- 
tion. The objects we behold are not visible to us alone : we 
have just observed with astonishment, the number of rays 
they send on a space so small as that occupied by the pupil 
t>f the eye. They all send as many more to every part of 
s 
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the mass of air that turrouncLi them. Wherever^ therefofe^ 
we may remove, new nyn replace the first, and render the 
same objects visible to us that we had seen in our former 
situation. All the rays necessary to effect this had existed 
before, and waited only for eyes. But the ra^ admitted into 
the eye are not all equally efficacious. Besides these, there 
are innumerable others, which beinff mudi weaker, are efl^EU^ 
by the splendour of the first, but vrhich are constantly ready 
to perform the same functions if necessary. Sudi are the 
wonderful phenomena of vision ! 

The great philosopher of antiquity, in his treatise de Natura 
Deorwn, was sensible of the wisaom and contrivance dis- 
played in the construction of the eye. ''What artificer/' 
says he, " but Nature, whose direction is incomparable, could 
so artfully httve formed the senses? She has covered and 
invested the eyes with the finest membranes, whidi she has 
made transparent, that we tdkv see through them, and firm 
in their texture, to preserve the eyes. She has made them 
slippery and moveable, that thejr might avoid what would 
omnd them, and easUy direct the sight wherever they wilL 
The point of sight, which is called the pupil, is so snuill, that 
it can easily shun whatev^ mtcy be huitnil to it. The eye- 
lids, which are their covering, are aoit and smooth, that they 
mi^ not injure the eyes, and are made to shut at the appre- 
hension of any accident, or to open ait pleasure; and these 
BioveveDts Nature has ordained to be made in an instant. 
They are fortified with a sort of psiiaade of hanr, to keep off 
what may be Boxkms to them when open, and when sleep 
«cloBes them, to be a fence to their repose. Besides, they are 
eommocbously defended by eminences on every side: for on 
the upper part, the eve-brows turn aside the sweat that falls 
from the forehead; the dieeks beneath, having a little risinff, 
|»<otect the lower; and the nose is placed between as a wsdl 
of separation." 



LESSON THE FIRST. 

OF DEFINITIONS NATUR£ AND PROPERTIES OF LIGHT. 

1. Optics is the science of vision, and it includes 
Dioptrics, Catoptrics, and Chromatics. 

2. Dioptrics is the science of refiraoted vision, or that 
i¥hich considers the several refiractions of light in pas&- 
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ing throttgli different media, as air, water, glass, &c. 
and especially lenses. 

3. Catoptrics is the science of reflected vision, and 
explains the appearances of objects seen by the reflec- 
tion of polished surfaces. 

4. Chromatics is that part of the science of optics 
which explains the several properties of the colours of 
light, and of natural bodies. 

5. Light consists of an inconceivably great number 
of particles flowing from a luminous body in all direc- 
tions. A ray of light is the motion of a single par- 
ticle, which is represented by a straight line. 

6. Light travels from the sun to the earth in about 
eight minutes, or at the rate of two hundred thousand 
miles in a second of time. 

Explanation. — ^The velocity dT light was discovered by ob- 
serving the eclipses of Jupiter's satellites, which are found to 
happen 16 minutes later taan the calculated time, if the earth 
is in that part of the orbit which is farthest from Jupiter, 
than '}£ it were in the opposite port of the heavens : that is, 
the light from the satellites of Jupiter is 16 minutes in tra- 
velling over the length of the earth's orbit, or 190 millions 
of miles. 

7. The particles of light move in all directions with- 
out the least disturbance, and hence it is inferred they 
must be inconceivably small. 

EXPERIMENTS. 

(1.) Make a small pin-hole in a piece of brown paper, and 
through this may be seen at once a great variety of objects, 
as toees, houses, &c. Now, as we see objects only by the 
particles of Ught reflected from them to the eye, it is evident 
that these particles must cross each other in passing throuffh 
the hole in the paper, which they do withoiUi being in the 
least disturbed by the motion. 

(^.) A candle placed on an eminence in a dark night may 
be seen a mile or two all round, which proves that ligl^ moves 
in all directions, and as a single candle may be seen in all 
that space in an instant after it is Ughted, we may be sure 
the particles must be very smalL 

8. Light always moves in.a straight line. 

82 
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Illustration. — (1.) Look at an object through a straight 
tube and you see the object by means of the rays of %ht 
flowing from it, but point a bended tube direct to the sun, 
and its rays will not pass to the other end. 

(2.) The shadows which are cast by opa(][ue bodies, as a 
building, &c. prove also that the rays oi hght move in a 
straight line only. 

9. The particles flowing from a luminons body, as 
the sun, or a candle, give us the idea of light ; these 
particles falling on bodies, as the ftirniture of a room, 
and reflected to our eyes, fiimish us with the idea of 
those bodies. 

Experiment. — Go into a darkened room, and you have no 
idea what that room contains; but admit the rays of Ught, 
these at the same instant, owing to the velocity with which 
they travel, flow upon all the bodies in the apartment, and 
are reflected to the eyes, thereby exciting in the mind the 
idea of these bodies. 

10. Every part of a visible body reflects the rays of 
light in all manner of directions. For let a person 
stand where he will, he sees every part of the surface 
of a body which is toward him, when no intervening 
object obstructs the rays. 

1 1 . The intensity or degree of light decreases as the 
square of the distance from the luminous body increases. 

Illustration. — (1.) If I stand one yard, two yards, three 
yards, &c. from a candle, the proportion of light will be as 
one, one-fourth, one-ninth; that is, at two yards distance, I 
shall have only the fourth part of the benefit of the candle 
that I should have at a yard's distance only ; and at three 
yards distance the benefit would be only one-ninth as great 
as at one yard distance only; at four yards it would be only 
one-sixteenth, and so on. 

(2.) The Herschel planet is about twenty times as far from 
the sun as the earth; it will therefore enjoy 20 X 20 times, 
or 400 times, less of the benefits of light and heat than we 
experience. 

questions for examination. 

1. What is meant by optics? 

S. What do you mean by dioptrics ? 

3. What is meant by catoptrics t 
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4. What is meant by chromatics '! 

5. Of what does light consist, and what is meant by a ray of 
light? 

6. At what rate does light travel ? 
Explain how that was discovered. 

7. How do the particles of light move ? 
Mention the experiments that prove this. 

8. Does light move in any other than a straight line ? 

9. How do you obtain the idea of external objects ? 

10. In what way do visible bodies reflect light ? 

11. What is the law with respect to the intensity or degree of 
light? 

Give the illustrations. 



LESSON THE SECOND. 

LIGHT. 

1 . A number of rays of light proceeding from a point 
is called a pencil of rays. 

• 2. By a medium is meant any pellucid or transparent 
body which suffers rays of light to pass through it, as 
water, glass, air, &c. 

3. Parallel rays are such as move always at the same 
distance from each other. 

4. If rays continually recede from each other, from 
any given point, they are said to diverge. 

5. If they continually approach each other, as in 
moving to a point, they are said to converge, and the 
point at which converging rays meet is called the focus, 

6. The point to which they tend, but which they are 
prevented from reaching by some obstacle, is called the 
imaginary focus, 

7. While rays of hght continue in any medium of an 
uniform density, as in air, or water, they proceed in 
a straight line; but if they pass from a medium of one 
density, as air, to one of another, as glass or water, 
they will be bent out of the straight line, unless they 
pass in a perpendicular direction. 

8. When rays of light passing obliquely out of one 
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medium into another, are bent out of the straight line, 
they are said to be refracted. 

Example. — ^An oar in the water will exemplify this : the 
rays of light proceeding from the handle come stnught to the 
eye, but those from the other end, which is under the water, 
are bent or refracted in their passage to the eye, and the oar 
appears crooked. The same may be seen of any straight 
stick or piece of wood partly plunged in water, not in a per- 
pendicular situation. 

9. Rays of light passing from a rarer to a denser 
medium are always refracted to a perpendicular. 

EXPERIMENTS. 

(1.) Let the rays of the sun passing through a small hole 
in a shutter, proceed through a decanter or upright ^lass jar 
of water, and they will be ^nt out of the straight Ime, and 
will fall to points nearer the shutter than they would if the 
water was away. 

(2.) Let the rays fall in an empty pan and mark where they 
come, then without moving the vessel, put some water in it, 
and the rays will fall nearer the side of the pan than they did 
before. 

(3.) If a piece of lookine-glass be laid at the bottom of the 
vessel the hgbt will be reflected from it, and will suffer the 
same refraction in going out as in coming in, only in a con- 
trary direction. 

10. Rays of light passing from a denser to a rarer 
medium will be refracted farther from the perpendicular. 

EXPERIMENTS. 

(L) Stick with a piece of wax a shilling on the bottom of 
an upright pan, and let a spectator move back till he lose 
sight of the sbiUins, then fill the pan with water, and he will 
see it again, though neither he nor the shiUing has moved 
from tfieir places, which shews that in passing through the 
denser into a rarer medium, the rays proceecuns from the 
object are bent farther from a perpendicular whidi might be 
raised in the centre of the vessel. 

(2.) Take a glass goblet half frdl of water, Ihrow a shilling 
into it, then put a plate over it, and holding the plate fast, 
invert the whole pretty quickly, and there wul appear to be 
two pieces of money, viz. a shilling and half a crown: the 
former is seen by refraction through the water, the latter by 
the rays after refraction at the sunace. 
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11. A kns is a glass grouod into such a form as to. 
collect or disperse the rays of light that pass through it. 
There are various kinds of lenses named according to 
their forms. 

12. A piano convex lens has one side flat and the 
other convex; and a piano concave is flat on one side, 
and concave on the other. 

13. A double convex lens is convex on both sides: 
and a double concave is concave on both sides. 

14. A meniscus lens is convex on one side, and con- 
cave on the other: a watch glass is of this kind. 

15. A prism is a triangular piece of glass which has 
the power of separating the rays of Hght into their com- 
ponent parts. 

QUESTIONS FOR EXAMINATION. 

1. Wbat is meant by a pencil of rays ! 
i. What is iDcant by a medium 1 

3. What are parallel rays 1 

4. When are rays said to diverge 1 

5. When are they said to converge, and wbat is the focus ? 

6. What is meant by the imaginary focus ? 

7. In what case do rays of light proceed in a straight line, and 
in what case are they bent ? 

8. When are rays of light said to be refracted ? 

9. When are rays refracted nearer to a perpendicular? 
Give an account of the experiments. 

10. When are rays of light refracted farther /n»m a perpen- 
dicular? 

Mention the experiments that shew this. 

11. What is a lens, and how are lenses named ? 

12. What are plano-convex, and plano-concave lenses ? 

13. What are double convex and double concave lenses ? 

14. What is meant by a meniscus lens ? 

15. What is a prism, and for what is it used ? 



LESSON THE THIRD. 

REFRACTION. 



1 . If parallel rays fall upon a plano-convex lens, they 
will be so refracted as to unite in a point behind, called 
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the focus, which point is at a distance equal to the 
diameter of the sphere of which the lens is a portion. 

2. If parallel rays fall on a double convex lens they 
will be refracted and unite at a distance equal to the 
radius of a sphere, of which the lens is a portion. 

Illustration. — The rays, AC, fig. 1, falling 
upon the plano-convex lens, DDE, will be re- 
fracted and unite at F : but the rays abc felling 
on the double convex lens FLG, fig. 2, will 
unite in/, where they will cross, and if another 
lens D £ be placed as in the figure to receive 

'i^'^^'^^jL^f^^^^ of that lens in the pa- 

£Ml ^*^ ^^^^^ "^**®^ direction ABC. 

tt^Ssv ^7js c ^' must be observed 

Fig. 1. Fig. 2. *^«^ ^® ^^^^^ ^7 *»» 

in going in, will be the upper one A in going out ; and the upper 

one c, in going in, will be the lowermost C in going out. 

3. All the rays of the sun that pass through a lens 
are collected in the focus; and the force of the heat at 
the focus is to the common heat of the sun, as the area 
of the glass is to the area of the focus. 

Illustration. — If the areaof the lens FG be three inches, 
and that of the focus only one-fourth of an inch, then as the 
areas of all circles being as the souares of their diameters, 
they will be to one another P : 12% or 1 : 144, that is the 
heat at / will be 144 times greater than it is at F G. The 
reason is obvious, for all the rays a6c are collected in a 
point /. 

4. All common burning glasses are double convex 
lenses, which is the reason why globular decanters filled 
with water and left incautiously exposed to the direct 
rays of the sun have been known to inflame various 
articles of furniture. 

5. If a candle be placed in the focus /, the rays will 
go out parallel : if it be nearer the lens F G than the 
focus as at a:, they will diverge in going out, and if it be 
placed farther from the lens, as at z, they will converge 
m going out of the glass, and meet in a point, which 
will be more or less distant from the lens, as the candle 
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is nearer to, or farther from its focus, and where the 
rays meet there will be an inverted image of tlie candle. 

Experiment. — ^Tbese facts may be shewn by taking the 
image of a hghted candle on a sheet of paper^ by means of a 
common rea£ng glass. 

6. The image will be as much larger or less than the 
object, as its distance from the glass is greater or less 
than the distance of the object. 

7. The camera obscura consists of a double convex 
glass so adapted as to fit to a hole in the shutter of a 
darkened chamber: behind this is fixed, at a proper 
distance, a sheet of paper, on which a picture of the 
external objects will be painted. 

8. In a portable camera obscura, the lens is fixed in 
a box, and by means of a min*or placed at a proper 
angle, the picture is reflected upon oiled paper, on 
which the artist sketches his draught. 

9. The magic lantern depends likewise on the double 
convex lens, which is fitted to a hole in a dark lantern, 
and little pictures painted in transparent colours on slips 
of glass are passed successively between the lens and 
the candle in the lantern, which pictures are painted on 
the wall of the room or a sheet, &c. that is placed to 
receive them. The figures must be inverted in the 
lantern if they are to be upright on the wall. 

10. The phantasmagoria is hke the magic lantern, 
only instead of painting the figures on transparent glass, 
all the glass is opaque except the figure only, which 
being painted in transparent colours, the light shines 
through it, and no light can fall upon the screen but 
what passes through the figure. The screen is very 
thin silk placed between the spectators and lantern, 
and by moving the lantern backwards or forwards the 
figures seem to recede or approach. 

1 1 . The multiplying-glass is on tlie principle of the 
plano-convex lens, but instead of a convex side, it is 
cut into several distinct surfaces, so that instead of 
seeing one object through it, we see as many objects as 
the glass has plane surfaces. 



Digitized by V^jOOQ IC 



266 OPTICS. 

QUESTIONS FOR EXAMIKATIOK. 
1. What effect bsre parallel njB that fall on a phno-eoKrex 



2. What it the effect of parallel rays fUling on a double con- 
vex lens? 

Give an illustration of these facts. 

3. Where are the rays of the sun, that pass through a coorex 
lens, collected, and how is the heat esdmated T 

4. What are burning glasses, and what effeet bare they pro* 
duced by being exposed iacautiottsly to the sun 1 

5. What effect will be produced by placing a candle in the 
focus of a convex lens, or nearer to, or fkrther from the lens than 
the focus 1 

What experiment shews this f 

6. What will be the proportions between the olject and image 1 

7. What is the principle of the camera obscure ! 

8. What is the construction of a portable camera obsourat 

9. What is the principle of the amgio lantern 1 

10. How is tlie phantasmagoria constructed ? 

11. What is the principle of the multiplying-glass T 



LESSON THE FOURTH. 

MICROSCOPES. 

1. Microscopes are instraments for viewing small ob- 
jects, and formed upon this principle, that they ap- 
parently magnify objects by enabling us to see them 
nearer, without affecting the distinctness of vision. 

Experiment. — ^The eye brought close to a pin-hole in a 
sheet of brown paper, will, at the distance of two or three 
inches, see objects, as letters in a book, apparently magnified, 
though without the intervention of the paper the letters would 
at that distance be wholly illegible. 

2. There are three kinds of microscopes, the single, 
the compound, and the solar; the two former depend 
wholly on refraction, the latter on reflection as well as 
refraction. 

3. The single microscope is a small convex glass, 
having the object placed in its focus, and the eye at an 
equal distance on the other side of the glass. 
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Explanation. — ^If the object be placed at a 6, 
fig. 3, the raya from every point of it will, upon 
going out of the glass cd, be parallel, but the 
eye being also a convex lens, they will be con- 
verged and brought to a focus on the retina 
where the picture is formed, but in an inverted 
position. 

Fig, 3. 

4. The magniiying power- of this microscope is found 
by dividing six inches, the distance at which an object 
can be seen distinctly with the bare eye, by the focal 
distance, and the quotient will show how much the lens 
magnifies the diameter of the object. 

Examples. — K the focal distance of the lens be half an 
inch, or a quarter of an inch, or one-tenth of an inch, then 
the diameter of the object will be magnified 12 times, or 24 
times, or 60 times ; and the area of the object will be mag- 
nified 144 times, or 576 times, or 3600 times. 

5. The compound microscope consists of two lenses, 
viz. an object-glass, which is small and next the object ; 
and an eye-glass, which is larger. In this instrument 
the distance of the object from the object-glass is some- 
what greater than the focal length. 



Fig. 4 
Explanation. — Suppose R Q S, fig. 4, to be the eye, and K L 
the object placed a little beyond the focus of the lens A B, then 
the image of the object will be formed at M N, which will be in- 
verted, but the rays of the image flowing through the eye-glass 
£ F, will cross again ; an erect image of the object will be formed 
on the eye, and the object will be seen inverted. 

To enlarge the field of vision another and broader lens is often 
put between the object-glass A B and image M N. 
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6. The ms^ifying power of the compound microscope 
is in proportion as ^le image is larger than the object, 
and also according as we are able to view it at a less 
distance. 

Example. — ^If the image M N be five times larger than the 
object K L, and by means of the eye-glass we can view it six 
times nearer than we could by the naked eye, then the in- 
strument will magnify the diameter of the object 5 x 6 = 30 
times, and the surface 30 X 30, or 900 times. 

7. The solar microscope consists also of two convex 
lenses enclosed at their proper distances in a brass tube, 
which is to be fixed in the window shutter of a darkened 
room. The object is placed between the lenses, and 
the sun*s rays passing through the object-glass, strongly 
illuminates the object, from which they pass through 
the second lens and form an inverted image of the ob- 
ject on the opposite wall. A mirror or looking-glass 
18 used to throw the sun*s rays still stronger on the 
object. 

8. Telescopes answer the same end with respect to 
large and very remote bodies, that microscopes do with 
regard to small and near objects. 

9. The astronomical telescope consists of two convex 
lenses in a tube whose distance from each other is equal 
to the sum of their principal foci : that lens which is 
towards the object is called the object-glass, and that 
next the eye is called the eye-glass. See fig. 4, p. 267. 

10. Remote objects seen through an astronomical 
telescope appear inverted. But a. telescope will not 
magnify unless tlie focal distance of the object-glass is 
greater than the focal distance of the eye-glass; there- 
fore the object-glass should be less convex than the 
eye-glass. 

Illustration. — It will be seen by what has been said, 
that in telescopes and compound microscopes, the image 
formed by one tens, viz. the object-glass, stands in place of a 
new object for the eye-glass. The operation may be seen by 
placing a screen of very fine gauze at the place of the image, 
wL^ch receives Ught enough to make the image visible in all 
directions, and yet transmits enough to form the subsequent 
image. 
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1 1 . A telescope consisting of four convex lenses is 
often called a double telescope, and with this objects 
appear erect. 

12. In reflecting telescopes a concave speculum or 
mirror is substituted for the object-glass, and the eye- 
glass is so placed as to magnify the image formed by 
the speculum. 

13. In Dr. Herschel's telescope there is a concave 
reflector at the bottom of the tube, and the spectator 
stands with his back to the object, and looks in upon 
the reflector through the eye-glass. 

QUESTIONS FOR EXAMINATION. 

1. For what are miscroscopes used ? 
What experiment is given ? 

2. How many kinds of microscopes are there, and on what do 
they depend ? 

3. What is a single microscope ? 
Give the explanation. 

4. How is^ the magnifying power of the single microscope 
estimated ? 

Give the examples. 

5. Of what does the compound microscope consist? 
Explain the construction. 

6. How is the magnifying power of the compound microscope 
estimated ? 

Give the example. 

7. Of what does the solar microscope consist, and how is the 
object to be placed ? 

8. For what are telescopes used? 

9. Of what does the astronomical telescope consist ? 

10. How are remote objects seen by the astronomical telescope? 

11. What is a double telescope ? 

12. What is the construction of a reflecting telescope ? 

13. What is the construction of Dr. Herschel's telescope ? 



LESSON THE FIFTH. 

REFLECTION. 



I. When rays of light s'rike against a surface, and 
are sent back from it, they are said to be reflected. 
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2. All objects whatever are rendered visible by the 
light which they reflect from the surface : even glass is 
distinguished by the rays which it reflects. 

3. Bodies which transmit the rays of light are called 
transparent, those which do not transmit it are termed 
opaque. 

4. Bodies with polished siufaces, which reflect the 
rays copiously, are called mirrors. These are chiefly 
made of metal, or glass, rendered opaque with an 
amalgam of tin and quicksilver. 

5. Mirrors are made in various forms, viz. plane, 
convex, and concave. Common looking-glasses are 
plane mirrors. 

6. The ray that comes from any luminous body and 
falls upon a reflecting surface is called the incident ray. 

7. A ray of light striking perpendicularly upon a 
plane mirror is reflected back in the same direction. 

8. Those rays which strike it obliquely are reflected 
back with the same degree of obliquity, but in an op- 
posite direction, so that " the angle of reflection is ex- 
actly equal to the angle of incidence.^* 




Fig, 6. 




Fig. 6. 



Illustration. — ^If the ray «, fig. 5, 
fall upon the mirror A B in a perpen- 
dicular direction n o, it will be reflected 
back in the same line : but if a ray from 
the sun fall on the mirror in the direc- 
tion S 0, it will be reflected from o along 
the line o £ so as to make the angle 
S A equal to £ o B, and the object S 
will appear, to an eye situated at E, to 
be at 8, because toe see every tiUng in that 
Unet in which the rays approach us last. 

Again, suppose d d, fig. 6, to be a 
candle standing before a mirror M N ; 
DC nc are the incident rays, c B c B 
the reflected: therefore to an eye si- 
tuated at B the image of the candle will 
appear at B B, which is seen as far be- 
hind the mirror as the ol^ect is be- 
fore it. 
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9. The images reflected by convex mirrors are less 
than the objects, and never of the true shape. 

10. The images reflected by concave mirrors are 
magnified, and at a small distance behind the mirror, 
that is, when the objects are nearer the glass than the 
centre of concavity. 

1 1 . When the object is more remote than the centre 
of concavity, the image will be less than the object, in- 
verted, and between the object and mirror. 

12. When the object is in the centre of the mirror's 
concavity the image and object wiU coincide. 

Experiment. — ^If a person stand before a laree concave 
mirror, and beyond the centre of concavity, he will see an in- 
verted image of himself in the air ; and if he extend his hand 
towards the mirror, the hand of the ima^ will come out and 
coincide with it; and if he extend it still farther, the hand 
of the image will pass by it. K he move his hand to one 
side, the hand of the image will move to the other. 

QUESTIONS FOR EXAMINATION. 

I. When are rays of light said to be reflected? 
%, By what are objects rendered visible ? 

3. What are transparent and what opaque bodies ? 

4. What is meant by mirrors, and of what are they made 7 

5. How many kinds of mirrors are there ? 

6. What is meant by the incident ray ? 

7. How will a ray of light falling perpendicularly on a plane 
mirror be reflected ? 

8. How are rays reflected that fall on the mirror obliquely? 
Give the illustration. 

9. What kind of images are reflected by convex mirrors? 

10. What kind of images are reflected by concave mirrors, when 
the objects are nearer than the centre of concavity? 

II. What kind wiU they be when the objects are more remote 
than the centre of concavity? 

12. In what case will the object and image coincide ? 
Give an account of the experiment. 
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LESSON THE SIXTH. 

OP THE EYE AND VISION. 

1 . The eye is of a globular form, and is composed of 
three coats, called the sclerotica, the choroides, and the 
retina; and three humours, denominated the aqueous, 
the crystalline, and the vitreous. 

2. Objects are seen by means of their images being 
painted on the retina of the eye, in an inverted position, 
though they appear erect. 

Ap^i^^^^^^ n j^^^^ Explanation. — Fig. 7re- 

^^^^^^^3t:^;^^giSS|^^^kfi presents a section of the 

^^<}S^'^-''' '"'^Jttl^^Bw present the coats ; the outer 

0%-^^'" ^^53^ ^ ^^^ ^^ sclerotica, but the 

Ftg' 7. front part of it A £ F B is 

the cornea, that part which is always visible : the middle circle is 
the choroides, of which the forepart x is the iris, or the part which, 
gives the character, as to colour, of the eye. The inner circle is 
the retina, on which the images of objects are painted. The aque- 
ous humour fills up the front of the eye : the len; ahaped part y x 
is the crystalline, and behind the crystalline is the vitreous humour : 
from the back of the eye proceeds the optic nerve <i, which is 
an extension of the retina, and serves to convey to the mind sen- 
sations produced on that coat. 

The object, in this case the arrow, ABC, sends out from all 
parts rays that fall on the cornea, and, by passing throug^h the 
humours, they are refracted and converged to as many points on 
the retina, and there form a distinct and inverted picture of the 
object, cba, 

3. Dimness of sight may happen either by the eye 
being too flat or too convex, or in old age by the want 
of transparency in the humours. 

4. To see an object distinctly it is necessary that every 
pencil of rays, bs qrs, which comes from the object to 
the eye, should be converged to a point on the retina. 
If they converge to a point before they reach the retina, 
or not till they have got beyond it, the objects will be 
seen indistinctly and confused. 
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5. When the eye ia too convex, the rays proceeding 
from an object are converged to a point before they 
reach the retina ; to remedy this, concave spectacles 
are worn, which disperse the rays, and prevent them 
coming to a focus so soon as they otherwise would. 

6. When the eye is too fiat, the rays do not converge 
to a point so soon as they reach the retina, therefore 
convex spectacles are used to bring them to a focus 
sooner than they other¥nse would. 

7. When the crystalline humour loses its transpa- 
rency the disorder is called a cataract^ and the remedy 
apphed is called couching, which is performed by thrust- 
ing a fine awl through the coats of the eye, and pushing 
the crystalline to the bottom of the eye, where it will 
remain, and its deficiency may be suppUed with a con- 
vex lens. 

8. When the defect of vision is in the optic nerve it 
is called a gutta serena, and the disorder is generally 
incurable. 

9. The external parts of the eye, are the eye-brows, 
the eye-lids, and eye-lashes. 

10. The eye-brows defend the eyes from too strong 
a light, and serve to turn away substances which might 
otherwise fall mto the eye. 

1 1 . The eye-lids act as curtains, by covering and pro- 
tecting the eyes during sleep : and in our waking hours 
they m£[use a fluid over the eye which renders it better 
adapted to transmit the rays of light. 

12. The eye-lashes guard the organ from danger, 
and protect it from dust and insects floating or flying 
in the atmosphere. 

QUESTIONS FOR EXAMINATION. 

1. Of what parts does tbe eye consist t 

2. How are objects seen ? 
Explain these facts. 

3. From what causes does dimness of sight arise ? 

4. What is the requisite for seeing an object distinctly? 

5. What de^ct is occasioned by an eye being too convex, and 
Jtow IS It remedied 1 
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6. What defect it occasioned by too flat an eye, and how is it 
remedied? 

7. What disorder is that which is occasioned by the loss of 
transparency in the crystalline humour, and how is it cured ? 

8. What is meant by a gutta serena? 

9. What are the external parts of the eye ? 

10. Of what Qse are the eye-brows ? 

11. For what are the eye-lids, designed ? 

12. Of what adrantage are the eye-lashes 1 



LESSON THE SEVENTH. 



OF LIGHT AND COLOURS. 

1 . Light is not a simple body, but is compounded of 
seven different kinds, or colours, each of which in pass- 
ing from one medium to another, suffers a different 
degree of refirangibility. 

Explanation. — Let 
^ EG, fig. 8, represent 
a shutter of a room m 
which no light can en- 
ter but through the 
hole F. If a ray from 
the sun be admitted 
through the aperture 
F, it would form a cir- 
cular image S, on any 
screen placed to receive it, but if a triangular piece of glass, ABC, 
called a prism, be made to intercept the ray, it will not pnoeeed 
through the glass to «, but will be refracted to the screen or waV. 
M N, and form an oblong image, P T, called a spectrum, of di' • 
ferent colours, viz. red, orange, yellow, green, blue, indigo, violet. 
The red is the least refrangible, or the least bent out of the straight 
line S S ; and the violet is the most refrangible. 

2. If the whole spectrum be divided into 360 equal 
parts, the red will be found to occupy 45 of those parts; 
the orange 27 ; the yellow 48 ; the green 60 ; the blue 
60 ; the indigo 40 ; and the violet 80. 

3. As bodies reflect one or other of these colours, so 
they are denominated : those that reflect the red rays 
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are called red, and those that reflect the blue are called 
blue. 

4. White is a compound of all the seven colours in 
the proportions mentioned in No. 2. 

Experiment. — ^Let a circular board be painted with the 
seven colours in due proportion, that is, let it be divided into 
360 parts, of which 46 are to be painted red; 27 orange; 
48 yellow, &c., then turn the board with great velocity; uiis 
will produce the effect of mixing the colours, and the whole 
will appear of a sort of white. K the colours were more 
perfect the white would be so too. 

5. Black is an entire deprivation of the colours, and 
when an object appears black, the Hght is completely 
absorbed. 

6. The seven colours are reducible to three, the red, 
the blue, and the yellow. 

7. The most remarkable instance of the natural sepa- 
ration of the primary colours of light is in the rainbow, 
which is formed by the refraction and reflection of the 
rays of the sun by drops of rain. 

8. There are frequently two rainbows seen at the 
same time, the one strong and highly vivid, the other 
weak and ill-deflned. 

9. The vivid rainbow is occasioned by two refractions 
and one reflection : the ray of Ught is refracted in going 
into the drop, it is reflected to the other side of tlie 
drop, and refracted in coming out. 

10. The faint bow is occasioned by two refractions 
and two reflections. To see a rainbow the sun must 
shine and be at a certain height in the heavens : and 
the spectator must stand between the sun and the 
shower. 

11. In the vivid rainbow the violet colour will be 
uppermost and the red lowermost; and in the faint bow 
the colours will be reversed. 

12. The rainbow will vary in height according to the 
height of the sun, for the higher the sun the lower the 
rainbow : and it is by the constant falling of rain in a 
shower that the image is preserved constant and perfect. 

13% The colour of the sky depends on the vapours 
T 2 
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in the atmosphere, which, as they are dense or rare, 
¥rill reflect to the eye the more or less refrangible rays : 
hence in clear weather we have a blue sky, and when 
the atmosphere is loaded with vapours we Iiave a dusky 
whiteness. 

QUESTIONS FOR EXAMINATION. 

1. Is light a simple body ? 

Can you explain the subject by the figure? 

S. What are the proportions of the several colours T 

3. How are bodies denominated with respect to colour ? 

4. What occasions a white ? 

How is it exhibited in the experiment t 

5. How is black occasioned ? 

6. Are the seven colours reducible to a less number? 

7. What is the most remarkable instance of the natural separa- 
tion of colours ? 

8. Is there more than one rainbow seen at a time ? 

9. How is the vivid rainbow occasioned ? 

10. How is the faint rainbow occasioned ? 

11. How are the colours arranged in the two bows? 

12. How does the rainbow vary in height ? 

13« On what does the colour of the sky depend? 



ASTRONOMY. 

ON THE SUN. 

** Fair Sun, who with unchanging beam 
Rising another and the same. 

Dost from thy beamy car unfold 

The glorious day. 
Or hide it in thy setting ray.*' 

Horace, translated bp Francis. 

** Ghreat Source of Day 1 best image here below 
Of thy Creator, ever pouring wide. 
From world to world, the vital ocean round. 
On nature write with every beam bis praise." — Thoms<m. 

Thb fun has been justly styled the soul of the universe, as 
it not only produces all the necessaries of Hfe, but has a par- 
ticular influence in cheering the mind of man. He can neyer 
be satiated then^ one woiud thinks with the glorious scenes 
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which the eye discovers, when the radiant orh sheds its lustre 
abroad; nor can imagination ever cease to contemplate with 
pleasure, his wonderful use, and essential importance in the 
creation. 

The rising of the sun is perhaps the most beautiful pheno- 
menon in nature. How striking the scene when we first ob- 
serve the fiery rays which he scatters among the clouds, as 
harbingers of his approach. As the illumination increases, 
the earth seems all m a glow; and we expect the glorious 
orb, long before he discovers himself above the horizon. We 
imagine every moment that we see him. At length he appears. 
His rays dart Uke lightning over the face of nature, and 
darkness vanishes at the sight. Man glories in his habita- 
tion, and beholds it embellished with renovated beauty. The 
lawn is re&eshed by the coolness of the night, and the light- 
of the morning displays its increasing verdure. The dew- 
bespangled flowers, that enamel its surface, glitter in the sun- 
beams, and Uke rubies and emeralds, dart their colours on the 
eye. The cheerful birds unite in choirs, and hail, in concert, 
the Parent of Life. At this enchanting moment not one 
is silent. All nature is enlivened by his presence, and glad- 
dened by his gifts. Millions of glittering insects awake into 
existence, and flutter in his rays. The bleating flocks, and 
lowing herds, salute the welcome blessing. The hills, the 
valleys, and the woods resound with rural harmony. All that 
is vocal unites in the general choir; and all that has breath 
exults in the enUvening influence. In man, in particular, the 
assemblage of so many pleasing objects imparts a glowing 
sensation, that seems to penetrate the soul. Who, indeed, 
can withstand the rapture of this short interval of enchant- 
ment ? Who can behold with indifference a scene, at once 
so magnificent, so beautiiiil, and so delightful ? 

A complete account of liie nature and properties of this 
glorious orb would lead me into enquiries too extensive for 
the limits of this paper: into a view not only of the solar 
system, that is of our earth, and the other planets, which, 
with the comets, revolve at stated periods round the sim;-all of 
which are fully detailed and set forth in the following lessons; 
but it would lead me to the contemplation also of all the 
visible nocturnal heavens, that is, of the fixed stars, which 
astronomers suppose to be so many suns, illuminating and 
pervading an infinity of other systems, throughout the im- 
mensity of space. 

That radiant orb, with which, as a part of the planetary 
f^rstem to which our ^obe belongs^ we are so intimately eon- 
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iiected, it defined, with respect to us, to be that great lumi- 
nary which enlightens the worid, and whose presence con- 
stitutes the day. 

The figure of the sun is a spheriod higher under the equator 
than about the poles. His diameter is computed to be 880,000 
miles. His solid bulk is 64 miUions of times as big as the 
moon's, and a million of times bigger than the earth's. His 
distance firom the earth, in round numbers, is about 95 mil- 
lions of miles ; a distance so {nrodigious, that a cannot ball, 
which is known to move at the rate of about eight miles in a 
minute, would be somethini^ more than twenty-two years in 
going firom the earth to the sun. This account of the dia- 
meter, ma^itude and distance of the sun, is derived from 
the determmation of the most eminent astronomers in Europe, 
who were sent out to the most convenient parts of the earth, 
for the purpose of observing the transits of Venus over the 
sun, that happened in the years 1761 and 1769, and confirmed 
and corroborated by the eminent men who have succeeded 
them, and whose labours and discoveries carry more proxi- 
mate dates. 

The sun was generally considered by the ancients as a 
globe of pure fire; but firom a number of maculse or dark 
spots, which by means of a telescope, may be seen on dif- 
ferent parts of his surface, it iq)pears that this opinion was 
ill-founded. The spots consist in general of a nucleus or 
central part, which appears much darker than the rest, and 
seems to be surrounded by a mist or smoke; and they are so 
changeable in their situation and figure, as frequently to vary 
during the time of observation. Some of the liu*ge8t of 
them, which are found to exceed the bulk of the whole earth, 
are often to be seen for three months together; and when 
they disappear, they have been supposed to be converted 
into faculse, or lummous spots, which appear much brighter 
than the rest of the sun. About the time that the solar 
spots were first discovered by Galileo, forty or fifty of them 
might frequently be seen on the sun at a time; but at pre- 
sent we can seldom observe more than thirty; and there 
have been periods of seven or eight years in which none 
could be seen. 

Various have been the opinions concerning the nature, 
origin, and situation of the spots on the sun. It has been 
imagined, that the maculae are occasioned by smoke and 
opaque matter thrown out by volcanos or burning moun- 
tains of immense magnitude; and that when the eruption 
has nearly ended, and the smoke dissipated, the fierce flames 
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are exposed* and appear like faculse or luminous spots. The 
sun by some astronomers has been imagined to be in a con- 
tinual state of fusion, and they have wought that the spots 
which we observe, are only the eminences of large masses of 
opaque matter, which, by the irregular agitations of the fluid, 
sometimes swim upon the surface, and sometimes sink and 
disaf^ar. Others have supposed them to be occasioned by 
a number of planets circulating round the sun at a small 
distance from nis surface. The results of other observations, 
are that the solar maculae are cavities in the body of the sun; 
that the mucleus, as the middle or dark part has been usually 
called* is the bottom of the excavation; and that the umbra, 
or shad^ zone, usually surrounding it, is the shelving sides of 
the cavity. The reaUty of these mimense excavations in the 
body of the sun, appears not only to be thought to be very 
satisfactorily ascertained by some philosophers, but a method 
of measuring the depth of them oas likewise been pointed 
out. Dr. Alexander Wilson,* a celebrated professor of astro- 
nomy in the University of Glaseow, toward the close of the 
last century, who first advanced the opinion, that there are 
hollows in the surface of this luminary, offers upon his sup- 
position some queries and conjectures coneermng the sun 
nimself. He asks whether it is not reasonable to think, that 
the vast body of the sun is made up of two kinds of matter 
very different in their qualities; that by far the greatest part 
is sohd and dark; and that this dark globe is encompassed 
with a thin covering of that resplendent substance, from which 
the sun would seem to derive the whole of his vivifying heat 
and energy? Dr. Herschel supposes, says a modem writer, 
'* that the sun is an opaque body, surrounded by an atmos- 
phere of a phosphoric nature, composed of various transpa- 
rent and elastic fluids, by the decomposition of which Ught is 
produced, and lucid appearances formed of different degrees 
of intensity." Accorcung to his theory, which is both ra- 
tional and plausible, '* maculae are those parts of his surface 
which happen to be free from luminous decompositions, or 
in other words, which are but slightly, if at all covered by 
the shiningmatter, and are for that reason exposed to our 
view." " Taculee, on this hypothesis, are those parts of the 
solar atmosphere which are brighter, and in general more 
elevated than the rest. These Dr. Herschel supposes to be 
" more copious mixtures of such fluids as decompose each 

* An ample detail of the ingenious and learned obsenr&tions of this 
celebrated writer upon this subject : the student will find in the 64th 
Toliune of the Philosophical Transactions. 
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other/' or they may be called ^'larger collections of the kunin- 
OU8 fluids which form the solar atmosphere, according to the 
quantity, brightness, and depth of which, the facuhe differ in 
magnitude and intensity." 

liie motion of the maculae is from east to west^ and as 
they are observed to move quicker when they are near the 
central regions than when they are near the limb, it follows 
that the sun must be a spherical body, and that he revolves 
on his axis in a contrary direction, or iVom west to east. 

Besides the solar spots, the zodiacal light is a singular 
phenomenon which accompanies the sun, and is usually at- 
tributed to his atmosphere. It begins to appear a little be- 
fore sunrise, and seems at first like a faint whitish zone of 
light, resembling the milky way, with its borders ill-ter- 
minated, and scarcely to be distmguished from the twilight, 
which is seen commencing near the horizon. It is then but 
little elevated, and its figijffc nearly agrees with that of a fiat 
lenticular spheriod, seen in profile. As it rises above the 
horizon, it becomes brighter and larger to a certain point, 
after which the approach of day renders it gradually less ap- 
parent, till it becomes quite invisible. 

From this account of the sun, and the principal phenomena 
that he exhibits, the next and most obvious en(|uiiy is into 
his pervading energy and essential importance m the crea- 
tion, and particularfy to our globe. But nothing can e<^ual 
what Thomson has said upon this subject in Ms beautiM 
Hymn to the Sun. In conclusion, therefore, I refer the 
student to this, not only as a poetical illustration, but as the 
noblest account that has ever been given of the dignity, the 
use, and the beauty of this resplendent orb. 



LESSON THE FIRST. 

SOLAR SYSTEM. 

1. Astronomy is the science which treats of the hea- 
venly bodies, and explains their forms, distances and 
appearances. 

2. Upon an accurate knowledge of astronomy, de- 
pend the sciences of geography, chronology and navi- 
gation : for by its assistance man traverses the seas, 
penetrates into foreign countries, becomes acquainted 
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with various parts of the earth, and ascertains with pre- 
cision the dates of events that are past. 

3. The heavenly bodies are the sun, the planets, with 
their satellites or moons, the comets which belong to 
our system, called the " Solar System," and the fixed 
stars which are suns to other systems. 

4. The solar system consists of the sun in the centre 
of seven planets, viz. Mercury, Venus, the Earth, Mars, 
Jupiter, Saturn, and the Herschel, or Georgium Sidus:* 
to these belong thirteen satellites, and between Mars 
and Jupiter are four smaller planetary bodies discovered 
during the last ten years. To these are to be added 
comets. 

5. The paths in which the planets and comets move 
round the sun are called their orbits. 

6. Mercury and Venus are called inferior planets be- 
cause they are nearer the sun than the earth : their 
orbits are included in that of the earth, being frequently 
seen between the sun and earth. 

7. Mars, Jupiter, Saturn, and the Herschel, are de- 
nominated superior planets, being situated at greater 
distances from the sim than that of the earth : that is, 
the orbit of the earth is included within those of the 
superior planets. 

8. Mercury, the planet nearest the sun, travels round 
that luminary in about 87 of our days, at the distance of 
37 millions of miles. It is the smallest of the planets, 
his diameter being about 3000 miles in length; and 
from its situation it must enjoy seven times more Ught 
and heat from the sun than the earth. 

9. Venus, the brightest of all the planets, revolves 
about the sun at the distance of 68 millions of miles, 
and completes her revolution in 224 of our days. Her 
diameter is about 7700 miles in length, and she enjoys 

* The discoreries of Dr. Herschel form a new era in astronomy. 
This new primary planet was called by him the Oeorgium Sidus, or 
Georgian, a name by which it is distinguished in the Nautical Almanac : 
but named the Herschel, by foreign astronomers, in honour of himself 
as the discoTcrer. Our author retains that deiiipiation, in my opinion 
Tery properly. 
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twice as much more light and heat from the sun than 
the earth. 

10. Mercury and Venus, when viewed through a 
good telescope, shew phases hke the moon : they are 
never seen in those parts of the heavens that are oppo> 
site to the sun, and from their appearing to be always 
near the sun, they are called attencLants upon that body. 

11. Venus and Mercury occasionally appear to pass 
over the sun's surface. These are called the transits 
of Venus and Mercury. 

12. By the transits of Venus in the years 1761 and 
1769, the sun*s distance from the earth was first ac- 
curately ascertained to be between 95 and 96 millions 
of miles. 

13. When Venus appears east of the sun, that is, 
when she sets after the sun sets, she is called an " even- 
ing star;'* and when she is west of the sun, or when 
she rises before the sun, she is called a ^^ morning star.'^ 

QUESTIONS FOR EXAMINATION. 
1. What is ftstroQomy ? 
If. What sciences depend on astronomy ? 
5. Which are denominated the heavenly bodies t 

4. Of what does the solar system consist ! 

5. What are the orbits of the planets? 

6. Which are the inferior planets, and why are they so called t 

7. Which are the superior planets, and why are they so <»lled 1 

8. What are the facts relating to Mercury ? 

9. What is said of Venus ? 

10. What appearances do Venus and Mercury exhibit when 
viewed through a telescope 1 

11. What is meant by the transits of Venus and Mercury? 
IS. To what purpose has the transit of Venus been applied ? 
13. When is Venus called an evening, and when a morning star ? 



LESSON THE SECOND. 

OF THE EARTH. 

1. The earth is a round or spherical body ahnost 
8,000 miles in diameter; it moves round the sun in about 
365J days. 

Illustration. — ^The spherical form of the earth is proved 
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from its ahraycr castiiig a round shadow on the moon during 
an eclipse : — from its having been actually sailed round by dif- 
ferent navigators : — ^&om our seeing farther the higher we 
stand : — and from our seeing the masts of ships on the sea, 
while the hull is hidden by the convexity of the water. 

2. The earth turns on its axis in about 24 hours, 
which is called the diurnal motion, and which is the 
cause of the perpetual changes of day and night. It 
being day to that half of the earth which is opposite 
the sun, and night to the inhabitants of the other half. 

3. The motion of the earth is from west to east, 
which gives the appearance of the sun's motion from 
east to west, for when any part of the earth, London 
for instance, turns into the sun's light, the appearance 
is the same as if the sun, by its motion, in a contrary 
direction, came into sight of the earth. 

4. The different seasons are occasioned by the annual 
revolution of the earth round the sun, which causes the 
sun to appear to rise and set every day at different 
points of the horizon; and to be higher in the heavens 
in some parts of the year than at others. 

5. According as the sun is higher in the heavens, and 
longer above the horizon, the days are hotter. 

6. When it is summer to the northern parts of the 
earth, it is winter in the southern. 

7. The sensible horizon is that apparent circle which, 
on an extensive plane, or on the surface of the ocean, 
seems to bound the sphere of vision. 

8. The rational horizon divides the heavens hito two 
equal parts or hemispheres, — ^the visible, which is above, 
and the invisible, which is below it. 

9. The sun, moon, planets, and fixed stars, appear 
to revolve about the earth in 24 hours. 

10. The meridian divides the time of the course of 
the celestial bodies above the horizon into two equal 
parts, and when the sun is at the meridian it is mid-day. 

1 1 . When we look directly to the north, we have the 
south at our back ; the west on the left hand ; the east 
on the right : the point directly over our heads is called 
the zenith, and the nadir is under our feet. 
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12. The equator or equinoctial is that great cirde 
which is supposed to divide the globe into two equal 
parts, the one north and the other south. 

13. The ecliptic is the sun's apparent annual path: 
the angle which it makes with the equator is called the 
obliquity of the ecliptic, and the points where it inter- 
sects the equator are called the equinoctial points. 

14. The zodiac is a broad portion of the heavens, 
following the direction of the ecliptic, and extending 
about eight degrees on each side of it. 

15. The tropics are the circles parallel to the equator, 
that towards the north is called the tropic of Cancer, 
and that towards the south the tropic of Capricorn. 

16. The earth is called a parallel, or right, or oblique 
sphere, according to the position of the inhabitants. 

17. To the people who live at the poles, if there be 
any, the earth is reckoned a parallel sphere, because 
there the equator is parallel with the horizon. The 
poles are in the zenith and nadir : and there the people 
have but one day and one night in the year, each being 
six months. 

18. To the people who live at the equator the earth 
is a right sphere, because there the equator is at right 
angles to the horizon; the poles will lie in the horizon, 
and the zenith and nadir will be in the horizon. 

19. To those who live in any other part of the earth 
except the poles and the equator, the earth is an ob- 
liqtie sphere, because to them the equator cuts the 
horizon obliquely. 

20. To the inhabitants of an oblique sphere, those 
who live beyond the tropics never have the sun in their 
zenith : but to those under the tropics he is vertical 
once, and to those between the tropics and the equator 
twice every year. 

QUESTIONS FOR EXAMINATION. 

1. What is the earth, and in how long does it moTe round 
the sun 7 

Give the illustration. 

2. What do you mean by the diurnal motion of the earth ? 

3. Which way does the earth turn, and what appearance doea 
it occasion ? 
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4. By what are the different seasons occasioned? 

5. What are the causes of the hot days ? 

6. When it is summer in the northern parts of the globe, what 
js it in the southern ? 

7. What is the sensible horizon ? 

8. What is the rational horizon ? 

9. How do the sun and planets appear to move ? 

10. What is the meridian ? 

11. How do you find the north, and south, &c 1 

12. What is the ecjuator? 

13. What is the ecliptic 1 

14. What is the zodiac ? 

15. What are the tropics ? 

16. How is the earth called with respect to the position of the 
inhabitants ? 

17. To whom is the earth a parallel sphere ? 

18. To whom is the earth a right sphere ? 
19* To whom is the earth an oblique sphere 1 

30. How does the sun affect those who live in an oblique sphere T 



LESSON THE THIRD. 

OF MARSy JUPITER, SATURN, AND THE HERSCHEL, 

1. The planet Mars is at the distance of 144 millions 
of miles from the sun, and the length of his year is 
equal to 687 of our days. His day is a little longer 
than ours, being 24 hours 39 minutes. 

2. The diameter of Mars is almost 4,200 miles in 
length ; and he enjoys only about half as much with 
respect to light and heat from the sun that we enjoy. 

3. Jupiter is the largest of all the planets, his diameter 
being 90,000 miles in length, and he is 490 millions of 
miles distance from the sun, and enjoys only a twenty- 
fifth part of the light and heat that we experience. 

4. Jupiter's year is equal to about twelve of our 
years, and his day and night are equal to ten of our 
hours. 

5. Jupiter has four satellites, which are subject to be 
^ipsed like our moon, and from these eclipses has 
been ascertained the velocity of light* 



Digitized by LjOOQ IC 



296 ABTBONOMT. 

6. Saturn b 900 millions of miles from the sun : his 
diameter is 80,000 miles in length, and his year is equal 
to thirty of ours. 

7. Saturn enjoys ninety times less heat and light 
from the sun than we have; yet his light is equal to 
what would be produced by 500 of our moons when at 
the full. 

8. Saturn has seven satellites or moons, and he is 
encompassed with two broad rings, which are supposed 
to be of considerable importance in reflecting the sun's 
hght to the planet. His day is not half the length 
of ours. 

9. The Herschel planet was discovered by Dr. 
Herschel, from whom it takes its name, in the year 
1781 ; it is too small to be discerned by the naked eye. 

10. The diameter of the Herschel is 35,000 miles 
long, and he is 1,800 miUions of miles from the sun, 
around which he performs his journey in eighty-two of 
our years. 

1 1 . The light of the sun at the Herschel is equal to 
nearly as much as 250 of our moons at the frill would 
supply. 

12. The Herschel has six moons to afford him light 
in the absence of the sun. 

13. Comets, hke the planets, revolve about the sun, 
in very eccentric or long orbits, so that at some periods 
they are beyond our observations, and at others they 
are much nearer the sun than Mercury, the nearest of 
the planets. 

14. Comets are usually accompanied with tails of 
great length and extent, appearing as a faint hght always 
directed towards a point nearly opposite the sun. 

1-5. A very brilliant comet was distinctly seen by the 
naked eye, for several weeks in the autumn of the year 
1807, and another was observed for some time in 1811 

QUESTIONS FOR EXAMINATION. 

1. What facts are mentioned with respect to Mars? 

2. What is the length of the diameter of Mars, and what pro- 
portion of light and beat does he enjoy ? 
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5. What facts are mentsoned with respect to Jupiter ? 

4. What is the length of Jupiter's year and day ? 

5. How many satellites are there helonging to Jupiter, and to 
what have their eclipses been applied ? 

6. What are the facts mentioned with respect to Saturn ? 

7. What proportion of light and heat does Saturn enjoy ? 

8. How many satellites has Saturn, and of what use are his 
rings 1 

9* When and by whom was the Herschel phmet discovered ? 

10. What facts are mentioned concerning this planet ? 

11. What proportion of light does he enjoy 1 
13. How many moons has the Herschel 1 

13. What is said of comets ? 

14. With what are they accompanied ? 

15. When did the last comets appear T 



LESSON THE FOURTH. 

OF THE MOON AND OTHER SATELLITES. 

1. The diameter of the moon is 2,200 miles in length, 
and she revolves about the earth at the distance of 
240,000 miles from it. 

2. The moon shines by a hght borrowed from the 
sun; her year is of the same length as ours: but her 
day and night are together equal to about 29^ of ours. 

3. When the moon is in a line between the earth and 
sun it is invisible, and is said to be in conjunction : it is 
then new moon, or change, but we call it new moon, 
the first time it is visible after change, that is, the se- 
cond day after change. 

4. The moon is invisible at change, because her en- 
lightened half is entirely turned away from the earth; 
and as she advances in her orbit we get, by degrees, a 
sight of her enlightened half. 

5. When the earth is directly between the sun and 
moon, they ar6 said to be in opposition, and the moon 
is said to be ftdl, because we see all her enhghtened half. 

6. She then decUnes and shews less and less of her 
enhghtened surface tiU change, when it is again lost to 
the earth. 
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7. The moon is thought to be inhabited, because it 
bears a general analogy to the earth : and the earth 
answers tibe purpose of a moon to her, only appearing 
thirteen times larger than our full moon appears, and is 
subject likewise to the same changes of homed, gibbous, 
full, &c. 

8. Before the full, the horns of the moon are turned 
to the west, and after the full they are turned to the east. 

9. When any heavenly body is obscured or darkened 
by the shadow of another falhng upon it, or by the in- 
terposition of any body between it and the sun, it is 
said to be eclipsed. 

10. The earth being an opaque body, enlightened by 
the sun, will cast a shadow towards that side which is 
farthest from the sun. 

11. The moon revolves about the earth near enough 
to pass through the shadow projected by the earth. 

12. An eclipse of the moon takes place when the 
sun, the earth, and the moon, are in a straight line, 
and it is occasioned by the moon's passing through the 
shadow projected by the earth. 

13. An eclipse of the sun happens when the moon is 
in an exact line between the sun and earth, that is, at 
the time of change or new moon, and it is occasioned 
by the moon's intercepting the light of the sun. 

14. The moon rises on an average three quarters of 
an hour later on one day than it did the preceding ; but 
about the time of full moon in September, the difference 
of time for several evenings together is not more than 
from fifteen to twenty minutes each evening: this is 
called the harvest moon, from the advantages which its 
hght confers at that season. 

15. In the polar circles the frdl moon never rises in 
summer when she is not wanted, nor sets in winter when 
her light is so much required. 

16. Jupiter has four satellites, which were among the 
very earliest discoveries of the telescope by Galileo, the 
inventor of that instrument, in the year 1610. 

17. Saturn has seven satellites, two of which, viz. 
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those nearest the planet, were discovered by Dr. Herschel 
m the year 1789. 

18. The Herschel planet has six satellites, all dis- 
covered by Dr. Herschel, after whom, as the discoverer, 
the planet is named. 

19. The four smaller planetary bodies discovered 
during the present century have been named, " The 
Ceres Ferdinandea," discovered by M. Piazzi ; " The 
Pallas," discovered by Dr. Gibers; "The Juno," dis- 
covered by M. Harding; and *' The Vesta," discovered 
by Dr. Olbers.* 

20. The largest of these is the Pallas, being rather 
more than 2,200 miles in diameter : it revolves about the 
sun in four years and eight months, at the distance of 
288 miUions of miles. 

21. Its orbit and those of the other three are all 
between Mars and Jupiter. 

QUESTIONS FOR EXAMINATION. 

1. What is the length of the diameter of the moon, and At 
what distance is it from the earth ? 

2. How does the moon shine, and what is the length of her 
year and of her day ? 

5. What is meant by new moon? 

4. Why is the moon invisible at change ? 

5. When is it full moon ? 

6. What happens after the moon is full ? 

7. Is the moon supposed to be inhabited ? 

8. How are the horns of the moon situated before and after it 
wfiiin 

9. What is meant by a body being eclipsed ? 

10. What is the consequence of the earth being enlightened by 
the sun ? 

11. Can the moon pass through the shadow projected by the 
earth? 

12. When does an eclipse of the moon happen ? 

13. When does an eclipse of the sun happen ? 
14« What is meant by the harvest moon ? 

* The Ceres was discovered 1st. January, •• 1801. 
_ Pallas « 20th. March. .. 1800. 

— Juno 1st. September, 1804. 

— Vesta early in 1807. 
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15* la wbat plaM and at what dna deas tka moon wbaa at &h» 
full nerer rise nor set ? 

16. How many satellites hat Jupiter, and by fdiom were ^ey 
diseoreredl 

17. How many satellites has Saturn ? 

18. How many satellites has the Herschel ? 

19* What are the names of the smaller and lately discovered 
planetary bodies ? 

20. Which is the largest of them? 

21. How are their orbits situated t 



LESSON THE FIFTH, 
or TH£ sxrs and fixkd stars. 

1 . The sun, though appearing to us only as a circular 
disc, is of a spherical form, havmg a diameter equal ti> 
880 thousand miles in length. 

2. The sun is situated at the centre of the system of 
the planets, over which it perpetually exerts the most 
important influence: it affords them heat and light, 
more or less in proportion to their distances from it : 
by the gravitating power of the sun also the planets are 
kept in their orbits. 

3. The sun, like the fixed stars, shines with its own 
unborrowed light : and may be considered as a fixed star. 

4. The sun revolves on its axis in twenty-five days 
ten hours, in a direction from west to east, the time 
and direction are ascertained by the spots which are 
usually to be seen on his surface. 

5. The quantity of matter in the sun is to that con- 
tained in Jupiter, as 1,100 to 1. 

6. The sun's diameter is equal to 100 diameters of 
the earth, and therefore its magnitude is a million of 
times larger than the earth : but its density is nearly 
four times less than that of the earth, so that the 
quantity of matter in the sim to that in the earth is as 
250,000 to I. 

7. The fixed stars are at immense distances from the 
earth, shine by their own light, and are doubtless suns 
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to otber sjBtems of planets. They afe called ii^ed, be- 
cause they never appear to change their places with 
rei^>ect to one another like the planets. 

8. The Ught of the stars appears to the naked eye to 
be white, being too feint to excite the idea of any par- 
ticular colour, but if the light be highly concentrated 
by immense specula, it appears of different coburs. 

9. Not more than 1,000 stars are visible at once, and 
from one place by the naked eye. 

10. The stars, on account of their apparently various 
magnitudes, have been distributed into classes or orders : 
those which appear largest are called stars of the first 
magnitude : the next to them in histre, stars of the se- 
cond magnitude, and so on to the sixth magnitude, 
which are the smallest that are visible to the naked eye. 
The others are called telescopic stars. 

11. The stars are arranged in constellations, supposed 
to represent certain figures of animals, &c. whidi divi- 
sions serve to distinguish them from one another, so 
that any star may, by the assistance of tl^^, teirestrtal 
globe, be readily found out. c ' 

12. There are about seventy constellations, and the 
principal stars are marked by the letters of the Greek 
alphabet. The stars npt included in any constellation, 
are called unformed stars. 

13. Particular names are likewise given to some small 
collections of stars, and also to remarkable stars of the 
first magnitude : thus the cluster of small stars in the 
neck of the bull is called the Pleiades ; the fiye»stars in 
the bull's face are denominated the Hyades : a brilliant 
Star in the Lion's heart is called Leo, and a large star 
between the knees of Bootes is called Arcturus. 

14. The luminous part of the heavens called the 
Milky Way, consists of fixed stars too small to be seen 
by the naked eye. 

15. There are spots in the heavens called Nebula y 
some of which consist of clusters of telescopic stars, 
others appear as luminous spots of different forriis.. 

16. Each nebula is thought to be composed ' of a 

u 2 
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number of suns, and each sun is probably destined to 
give light to a system of worlds. 

17. There are also nebulous stars, that is stars sur- 
rounded with a &int luminous atmosphere. 

QUESTIONS FOR EXAMINATION. 

1. How is the sun described ? 

9, How is it situated, and how is its influence exerted ? 

5. With what kind of light does it shine ? 

4. Does it revolve on its axis, and how was that ascertained t 

5. What is the quantity of matter in the sun compared with 
that of Jupiter ? 

6» What is the size of the sun compared with the earth ? 

7. What are fixed stars ? 

8. What colour is the light from the fixed stars ? 

9. How many stars are visible at the same time and place t 

10. How are the stars distributed ? 

11. How are they arranged ? 

12. How many constellations are there, and how are the single 
stars marked ? 

13. Are names given to any small collections of stars ? 

14. What is the Milky Way? 

15. What are the nebuls ? 

16. What is each nebula ? 

17. What are nebulous stars 1 



LESSON THE SIXTH. 

OF THE TIDES. 

1 . The tides are occasioned by the ebbing and flowing 
of the sea, which are caused by the attraction of the 
sun and moon, but chiefly by the latter. 

2. The attraction causes the waters to assume a 
spheroidal figure, the longest axis being in the direction 
of the moon. 

3. The highest tide is at that place which is just 
under the moon, not indeed when the moon is on the 
meridian, but some little time after, because the force 
of attraction continues to act after it has passed the 
meridian. 
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4 The spheroidal figure of the waters keeps pace 
with the moon in its journey round the earth, which by 
its diurnal rotation upon its axis, presents each part of 
its surface to the action of the moon. 
. 5 There are two tides in every place, occasioned 
by the attraction of the moon, in about 24 hours and 
53 minutes. 

Illustration. — If the moon were stationary there would 
be two tides in 24 hours; but the moon proceeding 13 degreeii 
in her orbit from west to east, the earth must make more 
than one revolution on its axis before the same place is in 
conjunction -mth the moon, and therefore the two tides take 
place in 24 hours and 50 minutes. There are two tides, be- 
cause the action of the moon produces a tide in the place 
over which it passes, and also in the opposite surface at the 
same time. 

6. The moon, from the ehptic form of her orbit, is 
sometimes nearer the earth than at others ; when she 
is nearest, the attraction is the strongest, and the tides 
the highest: hence the reason of high and low tides. 

7. The force of the sun, in raising the tides, is to 
that of the moou only as 1 to 5 ; when the sun and 
moon both act in the same direction at the time of full 
moon, the tides will be raised as 5 + 1 or 6, which is 
the cause of " spring-tides,'* but when they act in op- 
posite directions, as in the quarters, they will be raised 
as 5 — 1 or 4, which is the cause of " neap tides." 

8. The highest tides happen a little before the vernal, 
and a little after the autumnal equinoxes. 

9. In open seas the tides rise but to very small heights 
in proportion to what they do in wide mouthed rivers, 
opening in the direction of the stream of the tide; for 
in channels growing gradually narrower, the water is 
accumulated by the opposition of the contracting bank. 

10. The irregularity of the tides is occasioned by 
their passage through narrow channels, and by their 
striking against capes and head-lands, which cause the 
tides to happen at different hours according to the situa- 
tion of the place. 

11. In general the greatest height of the water in 
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open 86M, happen about an hour after the moon has 
left the meridian of the phtce« 

12. In the German Ocean the highest tide is three 
hours after the mocm has passed the meridian, and it is 
twelve hours in commg from thence to London Bridge. 

1^. There are no tides in lakea, because they are so 
smaU, that when the moon is vertical over them she 
atU^ts every part pf them alike. 

14. The tides in the Mediterranean and Baltic seas 
are. but triflmg, because the inlets by which they com- 
mimicate with the ocean are so narrow, thi^ they> can- 
not, in a short time, receive or discharge ^lough to 
raise or sink their sur^e very much. 

QUESTIONS FOR EXAMINATION. 

U Kow tse the tidef oeeuioaed ? 
2. What doM tba attraction produce ? 
^, Where and when is the highest tide ? 
4* How is each part of the earth presented to the moon s at- 
trwtire influence ? 

5. How often are tides occasioned ? 

Giro the illustration. 

•6. When are the tides the highest? 

7. Eacphiin the cause of spring qpd aeap tides. 

8. When dp the higl^st tides happen ? 

9> Do the tides rise higher, or not so high in the open seas, as 
in rivers connected with them ? 

10. What occasions the irregularity of the tides? 

11. At what time does the highest tide happen in open seasf 
13. When is it highest in the German Oeean ? 

1^ Whymre there no tides in. lakes? 

14.. Why. are the tides in the Baltic a^ .MeditcrraDeaa but 
teifling? 
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ELECTRICITY. 

T«JP FaAlfKLINlAN THEORY. 

'* BtoctrUlty potMssM much of what is admirably adapted to diieU 
j^ino Ae mind." — Morgan* 

Ei«BCT]ticiTY in a term uaed to denote the operations of a 
y«ry subtile fluid, in most cases invisible; but which some- 
times becomes the object of our senses, proving itself to be 
one of the principal agents employed in producmg the phe- 
nomena of nature. 

The attractive power which amber and other electric bodies 
acquire by friction, was long known to philosophers ; and it 
may be remarked, although perhaps almost unnecessary, that 
this branch of science derives its name from electron, the 
Greek word for amber. The other electric properties were 
slowly ^covered. Mr. Boyle was the first who had a glimpse 
of the electric light; as he remarked, after rubbing some 
diamonds in order to give them the power of attraction, that 
they afforded light in the dark. 

As the student will perceive by the fourth proposition in 
the following lessons, it was formerly conjectured that there 
were two kinds of electricity; but Dr. Franklin, whose theory 
is now generally adopted, rejected this idea. He supposes 
that the electric matter is every where the same, and that all 
bodies contain a certain portion oi this matter. Glass, and 
those substances, however, which are denominated electrics, 
he supposes contain a large portion of the matter, but are 
not to be penetrated by it; and those substances, on the con- 
trary, which are called non-electrics or conductors, he regards 
as permeable, or capable of being penetrated by it. 

When any body contains a superfluous quantity of the 
electric fluid, it is then, accorchng to FrankUn's theory, elec- 
trified j90M/ti7e, or plus; when it contains less than its proper 
8hare» it is said to be n^ative or electrified mntis, that is, 
some of its electricity is taken from it. That electricity, 
therefore^ which was iJefore called vitreous, Dr. Franklin calls 
positive electricity; and that which was termed the resinous, 
ne ccmsiders as negative electricity. If, therefore, a rou^h 
and smooth body are rubbed together, the smootii body m 
general will have the positive electricity, and the rough the 
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n^ative. Thus, in the ordinary operation of the electrical 
machine, the cylinder is positively electrified or plus, and tiie 
ruhber negatively or minus s and the redundancy of the posi- 
tive electricity is sent from the cylinder to the prime con- 
ductor. This, however, is supposing the chain, which com- 
municates with the earth, to be at the same time in contact 
with the rubber; for as the earth is the grand repository of 
the electrical matter, if the chain is removed, and put over 
the prime conductor, these effects will be reversed, and the 
prime conductor vrill then be negatively electrified, or mtiiiM', 
and the rubber will be plus or positive. 

Electricity accelerates the evaporation of liquors, and the 
perspiration of animals. There is reason also to apprehend 
that it is not without effect upon the vegetable creation, as 
from some experiments we are led to conclude, that plants 
which have been electrified, vegetate earlier and more vigor- 
ously than those which have not oeen subjected to its influence. 

Electricity is, indeed, a most powerful asent in nature, and 
we are probably not yet accjuainted with aU its effects. It is, 
however, in the atmospherical phenomena, that these effects 
are the most apparent and tremendous. It is to Dr. Franklin 
that we are inaebted for the amazing discovery, that the cause 
which produces thunder and lightning is precisely the 
same with that which produces the ordinary phenomena of 
electricity. 

This truly eminent philosopher was led to the discovery by 
comparing the effects of lightning and those produced by an 
electrifying machine, and by reflecting that if two gun-barrels 
when electiified will strike at two inoies with a loud report^ 
what must be the effect of ten thousand acres of electrified 
cloud. After much thought upon the subject, he determined 
to try whether it was not possible to bring the lightning down 
from the heavens. A thought at (mce daring and swblime ! 
With this view he constructed a kite, like those which are 
used by school-boys, but of a larger size and stronger ma- 
terials. A pointed wire was fixed upon the kite, in order to 
attract the electrical matter. The first favourable opportu- 
nity he was impatient to try his experiment, and he sent his 
kite up into a tnunder cloud. The experiment succeeded be- 
yond his hope. The wire in the kite attracted the electri- 
city from the cloud; it descended along the hempen strings 
and was received by an iron key attached to the extremity of 
the hempen string : that part which he held in his hand beii^ 
of silk, in order tliat the electric fluid might stop when it- 
reached the key. At this key he charged phials, with which 
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phials tnus charged he kindled spirits^ and perfonned all the 
common electrical experiments. 

Thus it is evident that the cause of those terrible convul- 
sions of nature, which in warm dimates especially^ are at- 
tended with such tremendous effects, is no other than a 
superfluous mass of electrical matter collected in these im- 
mense watery conductors, the clouds; and that this matter is 
discharged when an electrical doud meets with another whidi 
is less powerfully charged, or when it is brought sufficiently 
near the earth to be within the sphere of the electrical attrac- 
tion. This fact may be proved at almost any time, but par- 
ticularly in a sulti^ summer's evening, by repeating Dr. 
Franklm's experiment with the kite. 

Thunder storms in this country are seldom attended with 
fatal effects^et it is desirable to be made aware of their 
approach. They are generally observed to happen when there 
is little or no wind, and are preceded by one dense doud or 
more, increasing very rapidly m size, and rising into the higher 
regions of the air. The lower surface is buick, and nearly 
level, the upper parts are arched and well defined; sometimes 
many of them appear piled one upon another, all arched in 
the same manner. At the time this cloud rises, the air is 
^nerally full of separate clouds, motionless, and of whim- 
sical shapes. These gradually are drawn towards the thunder 
cloud, and when they come near it their limbs mutually stretch 
towards each other, and then coalesce. Sometimes, however, 
the thunder cloud swells and enlarges without the addition of 
these clouds, from its attracting the vapours of the atmos- 
phere, wherever it passes. When the thunder doud is grown 
to a CTcat size, the lower surface becomes rugged, parts being 
detadied towards the earth, but still connected with the rest. 
About this time also it seems to sink lower, and a number of 
small clouds are driven about under it, in very uncertain di- 
rections. It is while these douds are most agitated that the 
rain or hail falls in the greatest abundance. 

While the thunder cloud is swelling, and extending its 
branches over a large tract of country, the lightning is seen 
to dart from one pwrt of it to another, and often to iUuminate 
its whole mass. When the cloud has acquired suffident ex- 
tent, the Ughtning strikes between it and the earth in two 
opposite places. As the hghtning continues, the cloud ffrows 
thinner, till at length it breaks in different places, and dis- 
plays a clear sky. 

The clouds, however, are sometimes negatively electrified 
with respect to the earth, and in this case the lightning is 
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wofpomA to proceed from tbe eeiih to Ae dond; but t^ 
mischievous effects are the same, and m het, there it revon 
to Huaaik that this is a me ease. 

Dming a thunder storm the safest place is in the c^ar ; 
foar when a person is below the surface of the earth, Ihe l^t- 
ning most strike it before it can reach him, and its force ^lifl 
therefore be jwobahly e^mided on it. When it is not poa- 
aiUe to retreat to the cellar, the best situation is in the mtddk 
of a room, not under a metal diandelier, or any other con- 
ducting siu&oe; and it is adyiseable to nt on one chair and 
to laj the feet up upon another: persons in fields should 
prefer the epen parts to any shelter under the trees, &c. The 
distance of a thunder doud, and consequently the degree of 
dttig^, is not, however, difficult to be estimated. £i light 
tnifels at the rate of 72,420 leagues in a second of time, its 
effects mi^ be considered as instantaneous, within any mo- 
derate distenoe; but sound, on the ccmtrary, is transmitted 
only at the rate of 380 yards in a second. By accurately ob- 
aernng the time, therefore, which intervenes between the 
flash imd the noise of thunder which succeeds it, a very near 
calculation may be made of ite distance. 

The discovery of Dr. Franklin, which ascertained the iden- 
tity of lightning and the electric fiuid, suggested to the same 
niulosopher the means oi preserving buildings from lightning, 
by means of metaUic conductors attadied to the outside of 
high building As these are now so common, it is unneces- 
aary to describe them. The princq>le on which they are con- 
structed is the well-known frict oi metallic bodies being bettor 
oondnctors of the ekctrioal fluid than any others, 'tne eon- 
ducting rod is pointed at ^le top, in order the more gradually 
to attract the electricity from the clouds and the atmosphere; 
and the upper part should be made of copper, to prevent its 
rusting, «mI the remainder should be painted. The con- 
ducdttgrod should not be too riender, and should extend in 
the earth beyond the bnikiEng, to convey the electric matter 
elc«riy aiway, and if it terminates in a ipool of water, which is 
one orthe best conductors, it will be still safer. 

After this great discoifcry electricians began to apply the 
theoiiea of deetricity to a nreat variety of other phenomena. 
Thus it has been attempted to account upon these principles 
for the rising <yf vapours in the atmosphere, and the foU of 
r«n. Previons to rain, it is supposed that a quantity of elec- 
tric matter escapes from the earth, and in its ascent to the 
higher regions of the air, collects and conducts into its oath 
ft gl«at quantity of vi^pours. The same cause that collects 
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nitt gnibaUy eondeme then, till titof cone almost into con- 
tMkf Ml «s to fom anuiU drops too heavy to be supported b j 
the air, and then naituig with others as th^ fall, come down 
in rain. 

Hail is supposed upon the same principles to be formed 
in the higher regions of the atmosphere, where the cold is 
intense, and wher^ the electric matter is very copious. In 
thcie cbrcumstanees a great number of watery particles are 
loought near together, where they are frozen; and in their 
descent they collect other particles, so that the density of the 
ha^-stone is less at the surface than near the centre. And 
agreeably to this theory it is found, that on the tops of high 
mountains both the hail-stones and drops of rain are very 
smril, owing to the little space through which they fall 
Clonds of snow differ from the clouds which produce rain 
only in the eircumstance of their being frozen m the upper 
regions. The regularity in which the flakes are disposed is 
used as an ai^ument to shew that they are acted upcm by 
some uniform cause like dectricitjr. 

It is no small confirmation of this theory, that Tapours 
seldom rise to a great height without producing luminous 
meteors. Almost all volcamc eruptions are also accompanied 
by lightning. The column of vapour which rises from the 
Tolcaiio is continual^ traversed by Hghtning in different di- 
rections. Watenf>outs are known uso frequently to emit 
flashes of lightning, and to be accompanied by thunder; from 
which circumstance some Iuufc accounted for lliem, too, upon 
electrical principles. 

The aurora borealis (or northern lights) is generally re- 
garded as an electrical phenomenon; and is supposed to be 
produced by the electrical fluid being condensea in passing 
the columns of elevi^ed vapour. 

"Fnm. all this it may be inferred, that if electricity is not 
the immediate cause, it is always strongly connected with the 
phenomena of the atmosphere; and these facts seem also 
further to indicate, that if the electrical fire is not indentically 
the same as common elementary fire, it is at least a combina- 
tion of that fluid with some otiier unknown substance. 



LESSON THE FIRST. 

CONDUCTORS. 

1. Electricity is that power which certain bodies pos- 
sess, whea excited by friction, of attracting ligh^ sab* 
stances. 
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Example. — ^Amber, sealing-waz, retm^ glass, &e. when 
rubbed pretl^ briskly with the hand, or a woollen doth, will 
attract light Dodies, as bits of paper, feathers, &c 

2. The earth and all bodies with which we are ac- 
quainted are supposed to contain a certain quantity of 
fluid or fluids, called the electric fluid. 

3. The quantity belonging to all bodies in their com- 
mon state is called their natural share, and produces no 
sensible effect. 

4. There are two opinions respecting electricity, the 
one supposes there are two distinct fluids, viz. the vitre- 
ous and resinous, so named from glass and resin, which 
produces them by firiction : — the other opinion, and more 
rational, admits of only one fluid, or one kind of elec- 
tricity. 

5. When bodies hold their own natural quantity un- 
disturbed, they are said to be non-electrified; but when 
they possess more or less than their natural share they 
are said to be electrified. 

6. When a body contains more fluid than its natural 
quantity, it is saia to be plus or positively electrified; 
and when it contains less Uian its natural quantity it is 
said to be minus, or negatively electrified. 

7. All bodies with respect to electricity are either con- 
ductors or non-conductors. 

8. Bodies that transmit the electric fluid are called 
conductors, and those which will not transmit the electric 
fluid are called non-conductors or electrics. 

9. Metals, charcoal, water, and other fluids, except 
oil, are conductors of electricity : glass, resin, wax, sul- 
phur, silk, &c. are non-conductors, and may be excited 
by fi*iction. 

EXPERIMENTS. 

(1.) K I take a clean and dry glass tube, and rub it up and 
down several times with a dry piece of flannel, the tube b said 
to be excited, and if presented to any small light substances, 
it will attract and repel them alternately. 

(2.) If the tube be excited in the dark, and the knuckle 
presented, a spark will be seen passing between the finger 
and tube, accompanied with a snapping noise and the sensa- 
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tion of pain. The noise and sensation in this experiment, 
and the attraction and repulsion in the other, are electrical 
effects. 

(3.) If a small pith hall, suspended on a silken thread, he 
brought near the tube when excited, it will attract it; and the 
ball will be positively electrified, that is, it will have more 
than its natural share: if another ball be treated in the same 
way, and then the two brought near together, they will repel 
Qne another. Which proves that bodies similarly electrified 
repel each other. 

(4.) K a roll of sealing-wax or other resinous substance be 
excited, and a pith ball be brought near it, the ball will be 
attracted; and if another be placed in the same situation, 
and then the two brought together, they will repel one another. 

(5.) If a ball electnfied by the glass tube oe placed near 
one that is electrified by the wax or resin, then the two balls 
will attract one another. Which proves that bodies dissimilarly 
electrified attract one another. 

Explanation. — It is supposed that the glass tube by being 
excited possesses more than its natural share of the electric 
fluid, part of which it gives to the ball brought near it: and 
tiiat the wax or resin by excitation has less than its natural 
share, and takes away a part of that contained in the ball 
placed near it. When these balls are brought together they 
attract one another in order that the one that has more thiuL 
its natural share may give the superabundant quantity to the 
other that has less than its natural share. 

(6.) If an oblong piece of metal, such as an iron skewer, 
be suspended on a suk string, and the excited glass tube be 
Inrought near one end, the other end of the skewer will 
exhibit the same phenomena as the tube, which proves that 
the electric fluid passes through the metal. This will not be 
the case if a stick of wax be used instead of the iron, shewing 
that wax is not a conductor of the fluid. 

1 0. When a conductor is surrounded by, or suspended 
or placed upon, non-conductors, it is said to be insulated. 

11. Positive and negative electricity always accom- 
pany one another; for if a substance acquire the one, 
the body with which it is rubbed acquires the other. 

. 12. If one part of a conductor receives the electric 
fluid, the whole substance is pervaded with it : but if a 
non-conductor be presented to an electrified body, it 
becomes electrified m one small spot only. 
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13. If to one side of a non-oondiictor, as a glaas jar, 
positive eiectricity be communicated, the opposite side 
will be negatively electrified, and the jar is said to be 
chaiged. 

14. The positive and negative electnoities nay be 
brought together, if a communicatieii be made betwwn 
them by conductocs. 

15. When the two electridtieB are brought toge t ii ei 
their virtues are destroyed, and the act of their miion is 
called the electric shock. 

QUESTIONS FOa EXAMtKATIOir. 

1. Whet is BMOt bj eUotrim^t 
Gire the examples. 

2. Dq all bodiet ooatain a porticm «f the eleetno flaiil 

3. What is meant by the natural shaie of eleotnckjr? 

4. What are the different opinions with regard to electricity ? 

5. When are bodies said to be non-electrified, and when elec- 
trified? 

6. When is a body said to be positirely, and when negatirely 
electrified? 

7. How are bodies dirided with regard to electricity ? 

8. What is meant by conductors and non-conductors ? 

9. Mention some of the conducting and some of the non-con- 
ducting substances. 

Can you describe the experiments? 

10. When is a body said to be insulated? 

11. Do the two electricities accompany one aaother? 

12. What is the differeoce in the effect of the elsctrio ftmd 
being received by a conductor or non-condttctor ! 

13. When is a jar said to be electrified? 

14. How can .the electricities be brought together? 

15. What is meant by an electric ahock? 



LESSON THE SECOND. 

ELECTRICAL MACHINES. 

. 1. Machines have been contriyed for nibfoin^ together 
electrics and conductors, and for collecting the elaotric 
fluid from) sun^oonding bodies : these are called eleeUical 
machines. 
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Illustratiov. 
Fig. 1. represents an 
electrical machine and 
conductor: LM is a 
glass cylinder, turned 
by a handle B against 
a rubber C, to which is 
attached a piece of silk 
D. By the friction of 
the glass against the 
rubber the electricity is 
collected and carried to 
the conductor £. The 

rubber C is fastened on ^S' ^ 

a glass pillar G, and the cylinder L M and conductor £ are iib> 
sulated ; therefore before the machine can be worked with effect, 
a chain is hung on the knob Z, which reaches to the ground, and 
by means of this chain the electricity is collected, for the rubbber 
. bttfing parted with all it has, is supplied from the ground. 

2. Some electrical machines are fitted up witli two 
conductors, one is in contact with the cushion, and the 
other in the situation already described; when the ma- 
diine is worked tliey are in opposite states of electricity, 
the one at the cushion beiilg negative, and the other 
positive. 

EXPERIMENTS. 

(1.) If an ostrich's feather he placed in a hole at X of the 
conductor E, and the machine worked, the parts of the feather 
will endeavour to avoid each other and stand erect, because 
the several filaments, being electrified with the same electri- 
city repel each other. 
> (2.) K figures, cut out in paper, he laid on a brass plate, 
and stand under the conductor £, and another brass plate be 
suspended from the conductor, about two or three inches 
above them, and the machine worked, the figures will leap up 
and down till they have discharged the upper plate and con- 
ductor of their electricity. 

(3.) If two small balls made of cork or of the pith of elder 
he fastened to silken threads, they will hang parallel to each 
other and be in contact, but if brought near the electrified 
conductor, they will strongly repel each other. 

By applying an excited stick of wax to the balls while in a 
i«pettea state^ it is known whether the electricity be positive 
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or negative; if positive the wax will brinff them together^ if 
negative it will make them recede still farUier. 

3. If a body containudg only its natural share of elec- 
tricity be brought near any thing that is electrified, a 
part of the electricity will force itself through the air in 
the form of a spark. 

Experiment. — ^Let a person brincr his knuckle near the con- 
ductor of an electrified conductor £. 

4. When two bodies electrified, the one positively 
and the other negatively, approach each other, the su- 
perabundant electricity of the one will rush violently to 
the other to restore the equilibrium. 

5. If any number of persons be so situated as to form 
part of the circuit, the electricity in passmg through 
them, produces a sudden and violent effect, called an 
electrical shock. 

6. The motion of electricity, in passing from a posi- 
tive to a negative body, is so rapid, that it may be said 
to be instantaneous. 

7. Electricity communicated to glass does not spread 
beyond the spot where it is thrown, owing to the non- 
conducting quaUty of glass. 

8. Electricity may be communicated to the whole 
surface of any glass, or to any given part of it, if it be 
covered with a metallic substance, as tinfoil. This is 
called coating the glass. 

9. A glass jar, coated about three parts over, leaving 
the upper rim two or three inches deep, quite free from 
coating, is called a Leyden jar. 

EXPERIMENTS. 

(1 .) If a communication he made, by means of a chain, from 
the conductor to the inside of a Leyden jar, while it stands on 
a table, the jar will be charged: the inside being positively, 
and the outside negatively electrified. If a commumcation be 
made between the coating on the outside, and that in the in- 
side, the eauilibrium will be instantly restored. 

(2.) A shock may be taken by putting one hand to tlie 
outside coating, and bringing the other in contact with the 
inside. 

(3.) Any number of persons may receive the shock at the 
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same instant, by laying bold of eacb otber's bands, tbe person 
at one end toucbing tbe outside of tbe jar, and tbe person at 
tbe otber end bringing bis band in contact witb tbe inside. 

1 . Several Leyden jars connected togetber by making 
a communication between all tbe outsides and anotber 
between all the insides, form an electric battery. 

11 . By means of an electric battery very powerful 
effects may be produced. 

BXPBRIMBNTS. 

(1.) A slender barpsicbord wi^ being made part of a cir- 
cuit, will, by tbe discharge of tbe battery, instantly become 
red hot, and sometimes melt. 

(2.) Gunpowder may be inflamed by tbe electrical battery. 

(3.) If a quire of writing paper be suspended by a string, 
and two ends of a conducting wure be brought near each side 
of it, and tbe circuit completed, on discharging the battery 
tbe electric fluid will pierce a bole through the paper without 
putting it in motion. 

12. It is ascertained that lightning and electricity are 
the same, that is, lightning is the rapid motion of vast 
masses of the electric matter; and thimder is the noise 
produced by the motion of lightning. 

13. Metalbc points silently attract electricity from 
bodies charged with it; hence the use of pointea wires 
as conductors to secure buildings from the effects of 
lightning. 

14. The Aurorse Boreales, or northern lights, are the 
effects of the electric fluid passing through highly 
rarefied air. 

15. Earthquakes, whirlwinds, water-spouts, &c. are 
generally accompanied with, and dependant upon, elec- 
trical phenomena. 

16. There are three kinds of fish, viz. the Torpedo, 
the Gymnotus Electricus, and the Silurus Electricus, 
that are possessed of the power of giving shocks similar 
to those experienced from the Leyden jar. 

17. Electric sparks and electric shocks have been 
applied to the cure of deafiiess, paralytic affections, in- 
flammations, &c. 
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1. What are electrical machines? 
<^ yon ^rre Hat iHustration. 

S. Harre «iiy machHies nore thm one oonAmoka, asd ho4r an 
they sitaatedT 

3. How is the ^eetric spark obtained t . 
What is the experiment? 

4. How is the equilibrium of two bodies, differently electrified, 
restored? 

5. In -what way caa «Dy mimbar «f persons feedve the dec- 
trieal shook? 

6. Is the motion of electricity "very swift? 

7. Does elieetrieily spread on glass? 

8. CaD it be made to communicate with Ae whoW, or with 
any part of the sorfitoe of glass ? 

9. WlMt do yon mean Iry a Leyden jar? 
lienticm the expsrimento? 

10. How is an electrical battery formed? 

11. Caa oonsiderablB effects be produced 1^ an electrical 
battery? 

What are Ihe experiments? 

It. What are U^itning and tfaimder? 

13. Why are pointed wires «sed to MOare bvilc&igs ^Miatfie 
•Acts, of Ajghtmag f 

14. By what we iktt Aurona fioreales produead^ 

15. Bo eaithquakes, &c depend at all on electrieil^l 

16. Which are the electrical fish, and what property do ihegr 
posses? 

17. Has ekctricity been appHed in medicine? 
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WHAT IT EMBRACES. 

** The discoveries of Franklin displayed the influence of electric!^ in 
the production of the most magnificent phenomena of nature. That of 
VoLTA has led to the development of its connexion with her more si- 
lent, but important processes. Like the power of gravitation, it seems 
to apply more extensively the farther its investigation is pursued. Like 
HuA power too, its nature may for ever escape our cognisance ; but the 
«oate«plaUon of its effects may supply new facts calculated to extend 
the resources of art, and enlighten our conception of the infinite variety • 
aQd harmony of natural phenomena. Such pursuits are amongst the 
best sources of intellectual improvement, for they caH into action the 
highest powers of the mind, uaA present a OMist^t succession of in- 
lece^tling olu^c^ for their exercise. ^' 

Singer's Elements of Electricity and Electro-Chemistry. 

Galvanism is a term used to designate a recently discovered, 
but very extraordinary power, whicn metals display and exert, 
by mere .externa] contact with the animal body. In the year 
1/91, a very remarkable discovery made by Dr. Galvani, 
of Bologna, was announced to the scientific world in a publi- 
cation entitled " Aloysii Galvani de Viribus Electricitatis in 
motu musculari Commentarius." 

The discoveries of Galvani were made principally with dead 
firo^. He in the first place discovered tnat a frog dead and 
skinned, is capable of having its muscles brought into action 
by means of electricity, even in exceedingly small quantities. 
Secondly, that independently of any apparent electricity, the 
same motions mav be produced in the dead animal, or even 
in a detached limb, merely by mincing a communication be- 
tween the nerves and the muscles, with substances that are 
conductors of eleotrieity. 

Galvanism or Voltaism, therefore, embraces the phenoQiena 
which result from diflFerent conductors of electncitv, being 
placed under different circumstances of contact. iPhe con- 
ductors must be either perfect or imp^eot conductors of 
electrieity: and the Galvanic phenomena may be produced 
hf 1(VP0 eonductors of .c»ie of Uiese classes pla^ in contfict 
with each otb^, m one or i^ose points> and in other distinct 
points with a conductor of the other class : thi^ ^Id and 
sine iiiay be made to touch leach othei:, in some pomts, and 
may be connected in other points by a portion of common 
water. 

x2 
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To produce the G^yanic phenomena with any oonsrderable 
effect, several series of conductors, thus disposed, should be 
employed. Then, not only may an acid taste, a flash of 
light, the contraction of muscles just detached fi-om a living 
body, the oxidation of metals, and the decomposition of adds 
and of water, be produced; but shocks on the human body 
analagous to the electric shock, and brilliant sparks with the 
defla^tion of even silver and gold, may also be occasioned 
by this fluid under certain circumstances. Fabroni, in Ni- 
cholson's Journal for 1800, noticing the oxidation of metals 
while under Voltaic influence, conduded it to be a chemical 
phenomenon merely. In this year Volta announced his dis- 
covery of the Galvanic pile, formed by plates of two different 
metals, as zinc and silver, disposed alternately with moistened 
pasteboard between them. By connecting the ends of the 
pile by the hands, he obtained a strone shock, and produced 
many curious experiments. Mr. Nich^son in the same yeaz 
employed much of his ingenuity in examining these pheno- 
mena, and devoted a considerable portion of his journal to 
their investigation. By making a tube of water form part of 
the Une connecting the two euSa of the pile, he found, front 
the wire passing into the water from the silver end, hydrogen 
separated; whflst the other, if an oxidable metal, became 
oxidized; but if platina, he found oxygen was evolved. Thus 
was ascertained its chemical action, and its powers of decom- 
posing water. 

But the most important discoveries in Voltaism were made 
by Sir Humphrey Davy. They, however, would of ^emselves 
fill a volume, and cannot be here detailed. 



LESSON THE FIRST. 

GENERAL PRINCIPLES. 

1. Galvanism, which seems to be another mode of 
exciting electricity, derives its name from Galvani, who 
made the earliest discoveries on the subject. 

2. Electrical ^phenomena are chiefly excited by fric- 
tion; but the effects of Galvanism are produced by the 
chemical action of bodies upon each other. 

3. Galvani first discovered that a dead fipog may hare 
its muscles brought into action by very small quantities 
of electricity. 
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4. He next observed that similar motions may be 
produced on dead or on living animals by making a 
communication between the nerves and muscles, by 
means of conducting substances, as metals of different 
kinds. 

5. The diversity of the metals employed, appeared 
in the very earliest stages of this inquiry, to be connected 
with their respective degrees of oxydability,* the one 
being possessed of that property in a great degree, while 
the other is httle liable to the change. Hence, zinc and 
silver were found to produce the greatest muscular con- 
tractions. 

BXPERIMBNTS. 

yl.) if a person place a half-crown upon his tongue, and a 

Elate of zinc under it, and bring the outer edges into contact, 
e will perceive a kind of acid taste. 

(2.) If a firog or flounder, having a slip of tin-foil pasted 
upon its back, be placed upon a plate of zinc, and a communi- 
cation be formed between the zinc and tin-foil, convulsive 
motions in the animal will be excited. 

6. The electrical phenomena, convulsions, &c. ex- 
hibited by Galvanism are to be ascribed to common 
electricity, excited by the different metaUic conductors. 

7. Conductors in Galvanism are divided into the per- 
fect and imperfect. 

8. Perfect conductors consist of metallic substances 
and charcoal. Imperfect conductors are water and the 
oxydating fluids, as the acids, and indeed all substances 
that contain these fluids. 

9. Every galvanic combination must consist of three 
different conductors, not wholly of one class, and the 
conductors of one class must have some chemical action 
upon those of the other. 

Illustration. — In the first experiment the three con- 
ductors were the silver, the zinc, and the saliva, and the action 
of the metab upon one another decomposed the waterf con- 
tained in the sahva, the oxygen combining with, and oigrdating 
the zinc produces the effect. 

^ See Lessons on Chemistry for the meaning of this and similar terms. 
^ Water, as will be noticed hereafter, is a compound of oxjgen and 
hf drogen gases. 
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10. If a round piece of zinc be laid on a piece of 
copper, each about two inches in diameter, and then a 
similar piece of Rannel moistened with a solution of sak 
in water, and on these other layers in the same order, 
and so repeated several times, the whole will form a 
Galvanic pile, with which such experiments as the fol- 
lowing are made. See fig. 2, p. 312. 

EXPERIMENTS. 

(1.) If the circle be completed by bringing one hflsd tomtit 
zinc at bottom, and the other to the copper m the vippet layers 
an electric ikkotk wiU be felt. 

(2.) If the circle be completed by a wire attached to the 
lowest plate of zinc and carried from thence to the upper 
copp^, sparks will be given out. 

(o.) By the same mode, if the pile be sufficiently powerful^ 
Very fine wire will be made red-hot, or even fused, so will gold 

(4.) Electric batteries have been charged with the galvanic 
pile; and mixtures of oxygen and hydrogen gases may be 
exploded by it. 

1 1 . From these, and other experiments of the same 
nature, it has been inferred that the electric and galvanic 
fluids are the same. 

12. Sometimes silver is used instead of copper: and 
it is ascertained that the zinc end of the pile is always 
positive, and the silver and copper always ne^ive. 

13. The mc end of the pile is supposed to give out 
the electric fluid, whidi enters at the silver or copper 
end. 

14. It is proved that chemical action is essetietial in 
Galvanism from this, that the action of the pile is most 
powerful in oxygen gas, and it ceases in a vacuum or in 
azotic gas. 

15. It is supposed that all chemical action depends 
on the differ^t states of bodies, that is, as to their being 
either in a positive &r negative electrical state. 

' iLLtrSTRATioiff. — All acids "sate naturally tteg^ive^ skid 

alkalies are positive, hence their speedy tinkm. The tesuHs 

are neutral saltSy which are found to be neither positive or 

negative 

Experiment. — it a neutral salt, as sulphate of soda, be 
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iNwyght wityn the drcuit of a galvmiie pile, bf metnt of 
wires extending to it from the zinc and copper, it will be de- 
con^K)sed; the add, which is naturally negative, will be found 
at the positive or zinc end of the wire, and the alkali at the 
negative or copper end of the wire. 

QUESTIONS FOR EXAMINATiOir. 

1. What is Galvanism? 

2. What is the difierenee of ezeitatioa in electrieity aod Gid** 
vanism? 

3. What were Galvanrs first discoveries? 

4. What were his next observations? 

5. With what is the diyersity of metals, used in Galvanic ex- 
|>enments, connected? 

Mention the experiments. 

6. To what are the electrical phenomena exhibited by Galva- 
nism to be ascribed? 

7. How are the conductors in Galvanism distii^uished? 

8. Which are the perfect and imperfect conductors? 

9. Of what must a galvanic combination consist? 
Give the illustration. 

10. Describe a galvanic pile; 
Mention the experiments. 

11. What is the inference drawn from these experiments? 

12. Which end of the pile is positive, and which is negative? 
13^ Which is supposed to give out, and which to receive, the 

dbectric fluid? 

14. What proof is ^re that chemical action is essentiai in 
QihraBism? 

15. Upon what does domical action depend? 
GtTo the iilostsctiaB aad experiment. 



LESSON THE SECOND. 

BATTE&US, 

1 . The pile, ahready described, was invented by Volta, 
who is justly regarded as the founder of the science, 
from the importance of his earliest discoveries; and on 
that account it is often, and will, probably hereafter, 
generally be denominated ** Vokai^'' 

2. Another kind of Voltaic battery consists of a row of 
glassesor china cups, fig. 3,p.3 1 2^ containing a 8olutioii<rf' 
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salt and water; into one of the glasses, on the outer 
side, is put a plate of zinc fastened to a piece of wire 
made to bend over into the other cup, and to the other 
end is put a plate of silver : this is to be repeated with 
respect to all the glasses, so that each one will contain 
a plate of zinc and a plate of silver united with wire, 
except the outer glasses, in one of which will be a plate 
of zinc and in the other a plate of silver. 

Explanation. — Fig. 2 represents a galyanic 
Si or voltaic pile, and fig. 3 a yoltaic battery with 
glasses. In the former the letters Z C W are 
supposed to stand against the plates of zinc, 
copper, and moistened flannel ; if a wire be 
placed at the lower, C, and another at the 
upper, Z, and brought together, the galvanic 
circle is complete. 

In fig. 3, the letters x and t represent the 
plates of zinc and silver connected by wires to. 
By dipping one end in the glass z, and at the 
I same time the other in the glass s, the circle 
is complete, and a galvanic shock is felt. Any 
Fig. 2. number of glasses may be used, and the greater 

the number the more intense the shock. 

Experiment. — By means 
of the pile, fig. 2, water is 
decomposed : when silver 
is used instead of copper, 
and brass wires brought 
Fig. 3. from the upper and lower 

plates to a drop of water, hydrogen gas was evolved at the silver 
end, and the other wire was oxydated by uniting with the oxygen. 





3. A battery of a more convenient kind consists of a 
trough, A B, fig. 4, made of baked wood, it is about 
three or four inches deep and as many wide. In the 
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sides are grooves opposite each other; into each pair of 
grooves is fixed by cement a plate of copper and a plate 
of zinc. The cells are then filled with a solution of salt 
and water, or what is still better, with a solution of 
nitrous or muriatic acid and water. The edges of the 
trough and plates are to be wiped very dry, so that there 
be no communication between the separate cells by 
moisture; and the trough is then fitted for experiments. 

EXPERIMENTS. 

(1.) If one hand be put in the trough at A, and the other 
at B, a severe shock will be felt. 

(2.) K several persons join hands, with their hands pre- 
viously moistened, and the two outer persons put their hand 
into the troughs as before, they will aU feel a shock. 

(3.) If new wires be attached to the two outer cells, the 
one to the zinc end, plate Z, and the other to the copper end, 
plate C, and by means of two small pieces of ^lass tube, £ 
and F, the wire be brought into contact, a vivid spark will 
be giyen out; and if between them, on the glass pane G H, 
gunpowder, or charcoal, or gold-leaf, &c. be placed they will 
be instantly inflamed. 

Copper or brass leaf, commonly called Dutch gold, bums 
with a beautiful green light; silver leaf with a pale blue 
light; and gold leaf with a yellow hght. 

4. Several of these batteries may be united by iron 
cramps so as to act as one : the troughs are now con- 
structed of the Wedgewood ware, and the plates made 
to move up and down for the convenience of experi- 
ments. 

5. By means of these batteries the alkalies, some of 
the earths, sulphur, and other bodies, have been de- 
composed, which were, till lately, considered as simple 
bodies. 

6. The limbs of people under amputation are some- 
times convulsed by the application of the instruments, 
which is an effect of Galvanism. 

7. Pure mercury retains its splendour a considerable 
time, but the amalgam of mercury with tin, or any other 
metal, soon becomes tarnished or oxydated, which is 
imputable to the galvanic action of the two metals. 

8. Metallic works, the parts of which are soldered 
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togcdier ynHh otker n^tals, soon oxydate about the parts 
where tbe difierent metals are jomed, wfakh is as ^ect 
of GralvaBiBin. 

9. In the sheathing of ships wkh copper where iroii 
nails are nsed, the copper about the noils is quickfy 
corroded. 

10. Zinc may be kept in water a long time without 
nrach oxyckition; but the oxydati<m goes on rapidly 
when there is silver or copper in contact with it. 

QUESTIONS FOB SXAMnrAT10<ir. 

1. By whom was the pile invented^aad on what account la this 
science called Voltaisa'! 

3. Describe tbe battery made with glasses. 

Give the explanation of the pile and glasses by means of the 
%ure8. 

Explain how water may be decomposed. 

3. What is the construction of the galvanic troughl 
Give an acconnt of the experiment. 

4. How are several troughs made to act as one^ and with what 
substance are these troughs made? 

5. What effects have been produced by these hatteries! 

6. To what have the convulsive spasms experienced in surgical 
operations been ascribed 1 

7. Explain why amalgams soon becone tarnished t 

8. Wbat ports of metallic works, in n^ueh dtfiereat aetito mm 
used, sre the soonest oxy dated 1 

9. Where does tbe sheathing of ships soonest corrode? 

10. In what manner may zinc be kept under water without 
corroding, and how will it rapidly oorrode? 
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THE BASIS OF THE SCIEKCB. 

'^Th« Hittgnet nets upon iron throtigh all dense bodies not magnetic, 
nor red-hot, without aoay diminution of ite rirtue; m thvongh gold, 
silver, lead, glass, water." — JVewton*s OpHct, 

** Magnetism coiucides with electricity in so many important points, 
that the existence of two magnetic ethers, as well as of two electric 
ones, becomes highly probable." — Darwin. 

I BUT anticipate the definitions of the following lesson, when 
I state that the natural magnet, or the loadstone, is a hard 
mineral body of a dark black colour, and when examined is 
found to be an ore of iron. It is met with in various coun- 
tries, generally in iron mines, and of all sizes and forms. 

This singular substance was known to the ancients ; and 
they had remarked its peculiar property of attracting iron, 
though it does not appear that they were acquainted with 
the wonderful ]Nrop«rty whic^ it also has, of turning to the 
pole, when suspended, and left at liberty to wove freely. 

Upon this remarkable oircuinstanoe, the manner's com- 
pass depends, an instrument which gives us such infinite ad^ 
vantages over the ancients. It is this which enables the 
mariners to conduct their vessels through vast oceans, out of 
the sight of land, in any given direction ; and this directive 
property also guides the mmers in their subterranean excava- 
tions, and the travellers through deserts, otherwise impassable. 

It is not precisely known when, and by whom, this directive 
property of the magnet was discovered. The most probable 
accounts seem to prove, that it was known early in the Idth 
century; and that the person who first made mariners' com- 
passes, at least in Europe, was a Neapolitan of the name of 
rlavio, or John dc Gioga, or Giova, or Gira. 

This science may justly be considered as yet but in its in- 
iwsicy, although the facts elicited since ^ commencement of 
the 19th century by Davy and others, exhilMt a ^mise, and 
bid fair to throw considerable light on some of its more re« 
condite principles. The theoiy of magnetism bears a very 
strong resemblance to that of electricity. In that sci^ice we 
see the electric fluid not only exerting attractions and repul- 
sions, and causing a peculiar distribution of neighbouring 
portions of a "fluid aimilar to itself, but we also see it excited 
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in one body and transferred to another in such a manner as 
to be perceptible to the senses, or at least to cause sensible 
effects in its passage. The attraction and repulsion, and the 
peculiar distribution of the neighbouring fluid, are found in 
the phenomena of magnetism; but we do not perceive any 
actual excitation or perceptible transfer of the magnetic fluid 
from one body to another; and it has also this strUdng pecu- 
liarity, that metallic iron is very nearly the only substance 
capable of exhibiting any strong indicatums of its presence. 



LESSON THE FIRST. 

GENERAL PRINCIPLES. 

L The natural magnet or loadstone b a hard muieral 
body, of a dark colour, and found to be an ore of iron, 
discovered in iron mines. 

2. Its property of attracting iron was known to the 
ancients, but its more important property, appUed to 
navigation, was discovered only a few centuries ago. 

3. The natural magnet can be made to communicate 
its properties to iron and steel, and when pieces of steel 
properly prepared are excited by it, they are called, 
** artificial magnets;** to iron the virtue is more easily 
communicated, but steel retains it the longest. 

4. Magnetism explains the properties of the natural 
maenet, and shews by what means artificial ones are 
made* 

5. All magnets attract iron, which is called their at- 
tractive power. 

6. . When a magnet is at liberty to move itself fi-eely, 
it constantly turns the same part towards the north pole, 
and the opposite part towards the south pole of the earth. ' 
This is called the directive power. 

7. The ends of the magnet are called the poles, which 
are denominated north and south according as they point 
to the north or south pole, and when a magnet [daces 
itself in this direction, it is said to traverse. 

8. When a magnet is left at liberty, its two poles do 
not lie in a horizontal direction, but one incUnes down- 
ward, and the other is elevated upwards. ThiiB is ' 
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called the indination, or dipping of the magnet, or of 
the needle. 

9. The north or the south pole of two magnets repel 
each other; but the north pole of the one will attract 
the south pole of the other. 

10. The magnetic meridian is a plane perpendicular 
to the horizon, and passing through the poles of the 
magnet when standing in their natural direction. 

11. If a magnet be placed on cork, and allowed to 
float freely on water, with no iron near it, it places itself 
in the magnetic meridian : it is this principle that renders 
it useful to seamen. 

12. The natural direction of the magnet is towards 
the northern and southern parts, yet it seldom points 
due north and south; and the difference is callra the 
declination, which is said to be east or west according 
as the north pole of the needle is eastward or westward. 

13. The declination, in June 1808, was 24° 10' west 
and the dipping of the needle at the same time was 70® 1^ 

14. A steel bar, or needle, as it is usually called, 
fitted up in a box, so as to move freely in eyery direc- 
tion, constitutes the mariner's compass. 

QUESTIONS FOR EXAMINATION. 

1. What is meant by a natural magnet? 

3. Which of its properties has been longest known 1 

3. To what metals can the properties of the natural magnet be 
communicated? 

4. What is the object of magnetism? 

5. What is the attractive power of magnets? 
6* What do you mean by the directive power? 

7. Which are the poles of a magnet; and when is it said " to 
traverse ?" 

8. What is meant by the dipping of the needle ? . 

9. Under what circumstances do the poles of two magnets 
repel and attract each other? 

10. What is meant by the magnetic meridian? 

11. What principle renders the magnet useful to mariners? 
13. Does the magnet point due north and south? 

13. What was the declination and dipping of the needle in 
June ,1808? 

14. What is a mariner's compass? 
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LESSON THE SECOND. 

ATTRACTION. 

1. If a piece of iron be brou^t witMn « c^tain dis- 
tftoceof oseof the poles of a magnet it wiM be attracted 
by it. 

2. The attraction of the magnet and iron k muiana}, 
that is, <iie ifon aittraetfi 4^ mi^et m much as the 
raAgnd; attracts ike iron. 

£xperiment.^-Let a magnet and a piece of iron of equal, 
or nearly equal weights, be made to float bj means of a eoi^ 
•n ttf«c»eA oi water, at a httle distanoe from each otiier^ and 
the magnet will mowe tomatda the ioon, and the iran t/o^ 
wards & magnd;. U ekber be k^ eHmdy, the othar miX 
ittoveioit. 

3l Ihe attraction b etroi^^st at the poles, and m the 
ceDtpe between the poles tiiece is no sign of attraction 
vhoteirer. 

4. The magnetic attrac^oa is not in ti»e least «Unii- 
niafaed bf the interposition of aay bodies except ison. 

Experiment. — Put a nee^e on a pewter plate, and it wifl 
follow the magnet which is moved on the outside. 

5. When a piece of iron is brought within a certain 
distance of a ma^et, it becomes itself a mapiet: that 
part of it which is neaxest the south pole of me magnet 
IS a north pole m the iron, and vice versd. 

6. The properties of the siagnet a«e not sJfeeted either 
by the presence er absenee of ak. k acts as weU in a 
vacuum as in the air. 

7. Heat weakens the power of a magnet : and a white 
heat destroys it entirely. 

8. I4ghtning, and even tibie electrical shocks wfll often 
render iron magnetical. 

9. The gradiiftl additioft of weight to a magnet, tept 
in its fH?oper situation, incveases the magnet poww. 

10. Magnets should be always kqpt with th^ poles 
pointing to the poles of "die earth : this is said to be their 
proper situation. 
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11. In tae BortiMin beims{^iefie tiie varth pole of a 
magnet has most power : and it is said the soath pole 
is strongest in tib<; southern hemii^phere. 

12. An artificisd magnet, or a magnetic needle, is 
made by fastening the steel on a piece of board, and 
drawing magnets over it several times, iicom the centre 
to the endsi 

1 3. The power of a magnet is not diminished by com- 
municating its properties to other bodies. 

14. Two on more magn^ joined together may com- 
municate a greater power to iron or steel ikva either of 
them possesses singly. 

15. Bars of iron that have stood in a perpendicular 
position are generally found to be magnetical. 

16. The mariner *s compass consists of the box, the 
card or fly, and the needle. 

Illustration. — The box X X, fig. 1, 
which contains the card or fly, is of a cir- 
cular form, and is made of wood, or brass, 
or copper; and is suspended within a 
square wooden box B, by means of two 
concentric circles, called gimballs,80 fixed 
by cross axes, a a a a, fig. 2, to the two 
boxes, that the inner one, or compass box, 
shall retain an horizontal position in all ^*^* ^* 

the motions of the ship, while the outer 
or square box is fixed with respect to the 
ship. The card is a circular piece of 
paper, which is fastened to the needle and 
moves with it. The outer edge of the 
card is divided into 360 parts, or degrees, 
and within the circle of these divisions it 
is again divided into 52 parts, called the Fig. 2. 

rhumbs, or points of the compass. 

17. The azimuth compass is like the mariner's com- 
pass, with two sights adapted to it, through which the 
sun is to be seen in order to find its azimuth, and from 
thence to ascertain the declination of the magnetic 
needle. 

18. To construct a dipping needle, an axis must be 
passed through the needle; the extremities of this axis 
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rests upon two supports, so that the needle may moye 
itself vertically round, and when situated in the magnetic 
meridian, it may place itself in the magnetic line; when 
used at sea it is suspended by a ring. 

QUESTIONS FOR EXAMINATION. 

1. In what case is iron attracted by the magnet? 

2. Is the attraction of the magnet and iron mutual? 
Mention the experiment to prove this. 

5. Where is the attraction the strongest? 

4. Is the magnetic attraction diminished by the interpositioii 
of other bodies? 

What experiment proves this? 

5. In what situation does iron become a magnet? 

6. Does the air affect the properties of the magnet? 

7. Has the heat any effect on the power of the magnet? 

8. How is iron often rendered magnetical? 

9. How is the power of a magnet strengthened? 

10. In what position should magnets be kept? 

11. In which hemisphere do the poles of magnets act best? 
13. How is an artificial magnet made? 

13. Is the power of the magnet diminished by communicating 
its properties to iron? 

14. Can two or more magnets communicate to iron more power 
than either of them possesses singly? 

15. Under what circumstances are iron bars found magnetical? 

16. Of what does the mariner's compass consist? 
Give the illustration with the figure. 

17. What is an azimuth compass? 

18. What is the construction of the dipping needle? 
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THE MATTER OF HEAT. 

*' The basis of chemical science is the analytical examination of the 
'works of nature, and the investigation of the properties of the several 
substances with which we are acquainted : it should therefore be the first 
concern of every chemical student to receive nothing as true, but what 
has actually been proved by experiment, or deduced from analogy. Let 
him rely upon nothing but facts, and he will be in little danger of 
forming extravagant or erroneous opinions. * If we dare to investigate 
nature, we must tee her and try her on all sides, and be sure that she 
atHl confesses the same thing.' " — An Elementary Treatise on Chemistry 
vpon the basis of the Chemical Catechism, by Samuel Parkes. Kew 
edition published in 1839. 

Heat and cold are to be considered either as particular sen- 
sations, or as the causes of powers which bodies possess of 
exciting those sensations. Thus we say that we ourselves 
are hot or cold, and that the fire or ice which heats or cools 
us is likewise hot or cold: though the sensations we expe- 
rience are certainly very different things firom that which 
enables those bodies to excite them. It must be observed 
that the sensations of heat and cold are very fallacious ones, 
in so far as they are affected by the temperature of the body 
in which they are excited : for we may feel a substance hot 
when it is in the same circumstances in which we should feel 
it cool at another time. To elucidate this, we may observe 
that when we have been accustomed to Uve in an atmosphere 
of between 60^ and 70°, if the heat fall to 60° we feel it cold; 
but, on the contrary, if we have lived in an atmosphere of 
between 40° and 50°, if the heat rise to 60° we feel it very hot. 
Again, let two basins of water be taken, one heated only to 
35° the other to 1 10°, and put one hand into the one, the 
other into the other basin, for some time; if we then im- 
merse both hands in water heated to 60°, we shall ^ith one 
hand feel the cold, with the other hot. Hence it may be 
reasonably inferred, that we cannot judge with precision of 
heat or cold by the sensations they excite in us. 

In the next place, let us consider heat and cold as the cause 
of powers which bodies possess of exciting pecuUar sensations. 
As to cold, it is seldom supposed to be either matter itself or 
a quality : it is more commonly looked upon as a deprivation 
of heat; for the less the heat found in a body, the greater 
the cold^ and vice versd. There are particular cases in which 

Y 
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cold may be produced, lit. When some particular chemical 
attraction takes place, cold is produced. 2ad, The conversion 
of solids into liquids, and of liquids into vapour, produces 
cold, as is shewn by chemists. And 3rd, Cold may be pro- 
duced by animal powers. I do not intend to relate experi- 
ments by which these may be proved; but the grand question 
which 1 most wish to determine is, with respect to heat, 
whether it be matter under some particular form, or oidy a 
quality. That our reasoning on tnis important subject maj 
nave the better effect, we must first reflect upon the vacioiia 
means of producing heat. There are sevend wap l^ mdiidt 
heat may be generated. 1st, By means of the sun^ neym. 
2nd, By exciting vibrations in solids. 3rd, By tike takm^ 
place d certain chemical attractions. 4th, By oonvenion oc 
vapours into fluids, and of fiuids into aolida. 5tb, Bf animal 
powers. 6th, In volcanos. And first, if a cold bo^ be dofr- 
posed to the rays of the sun, it will be heated. 

It has been frequently conjectured that the sun is fire, 
burning and heating other bodies in like manner as cnrdniarf 
fire : but the celebrated Dr. Fordyce asserted, that tiie son 
is probably not at all hot in itself; neither are the solar n^ 
hot, but have only a power of producing heat on being sj^ 
plied to other bodies. An opinion very little different from 
this was also entertained by Dr. William Herschel, and sop- 
ported with the authority of demonstration. As a fkrther 
consideration of this subject may tend to ccnrect our notiona 
concerning hght, I shall here attempt it. 

It is a constant rule with regard to hot bodies that th^ 
heat all colder bodies which are brought near them. Thon^ 
it must be allowed that some bodies will receive heat with 
more readiness than others: however, this will not easily 
form an objection to what immediately follows. 

Now, if we take a large burning glass, and hold a piece of 
iron in its focus, such heat will be produced as to melt tiie 
iron. But the glass through which all the rays passed is 
scarcely heated at all : and when they fell on the m>n they 
^vere no hotter than water when it is poured on vitriolic acid. 
But if we place water which is perfectly tran^fMirent in the 
focus, no heat will be produced, nay, if spirits of wine wero 
placed in the focus, they would scarcely be heated. But the 
same heat which melts iron, would more dian suffice to make 
water boil. From this experiment then, withoi^ advancing 
farther arguments, it appears that the rays in themselves have 
no heat; and there is no reason to suppose that the son is 
hotter than the earth we inhabit. 
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It is a questkm that lias beoi much agitated, whether the 
solar rays be matter, or only an arrangement of matter; but 
their materiality is now pretty g^icSally admitted: but a 
question which has not yet be^i satisfactorily answered is, 
*' If li^ be matter, what becomes (^ it ? " Perhaps there is a 
distinction between light and the solar rays, wmch has not 
yet been properly attended to. 

The smi's rays heat bodies oidy when they are bent or 
destroyed. The term absorbed does not in my opinion exactly 
answer the purpose. Hence, they do not heat water if per- 
fectly transparent; neither do they heat the air above the 
douds: at least,* as very httle bending takes place in these 
cases, the heat is so trifling as to be scarcely worth mention- 
ing. The upper r^ons of the air then, are extremely cold, 
though exposed to the direct action of the sun. When a 
ray of light is reflected, it-does not touch the body reflecting 
it, but is thrown back befcxre it arrives at the surface: there- 
fore, the more white bodies are, or the more highly they are 
polished, the less they are heated, because they reflect more 
of the rays: and when a body is perfectly white it reflects all 
the hght, and is not heated at aU. Bodies, in proportion as 
they deviate from white, destroy the more solar rays, and 
a perfectly black body would destroy them all : hence bodies 
are more heated, as they are daricer coloured, by this cause 
of heat. 

Whoi a body k rough, as if we make a piece of glass so 
which may have no colour, it destroys part of the n^s, or at 
least suffers them to approach so near its surface before it 
reflects thean, that they cause it to be heated. Thus far our 
reascHkings induce us to suppose that heat is a quality: but 
heat, as a quality, cannot exist without a substance to exist 
in. So that, if it were possible to produce f^ perfect vaeuum, 
there could be no heat therein. This also leads us to con- 
dude, that the denser a body is, the more heat may be therein 
produced; other circumstances being the same. 

Heat, it is affirmed, can only be ]m>duced by the solar rays 
at the fflirfaces of bodies; consequently the interior parts can 
only be heated by eommunication. Aud if we keep m mind 
that heat is more readily transmitted, communicated, and 
received by some bodies than others, it will then appear 
that, as a body receives heat virith more facility, it wm be 
the more heated by the nm's rays; as a piece oi iron vnll be 
more heated than a piece of wood. 

We have sesn then, that the solar rays are not hot in them* 
selves, that they produce heat only when they are bent or 
y2 
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destroj^ed; that, therefore, they do not heat transparent bodies, 
nor do they heat in passing through them, but aoly at their 
entrance and passing out again. 

It is evident, since the rays of the sun have a power of pro- 
ducing heat, that they will heat a body more, the greater the 
quantity is that falls on it. From this principle, combined 
with some particidar circumstances, arises the different heat 
and cold of the seasons, and of the different parts of the earth. 
For instance, the heat about the equator has been known to* 
rise to 110^, and it is said, that the cold in Siberia has been 
as low as 160*^ : but the accuracy of this may be doubted, for 
I do not see how so great a degree of cold can be precisely 
measured. 

The heat produced by the solar rays is increased also by 
the reflection of them : if they be frequently reflected, a ereater 
bent is produced than even if they be all destroyed. Thus we 
iind that, if we receive them into a box so constructed as to 
reflect them frequently from side to side, more heat will be 
produced than in a box made black, so as to destroy them 
almost all. Hence in valleys, even in temperate chmates, 
where the rays are reflected frequently, very great heat is 
also produced. 

The different distances of the planets from the sun, it is 
ims^ined, makes a great difference in the number of the rays, 
and in the momentum with which they fall on them. So that • 
it has been thought the Mercury is exceedingly hot, and the 
Georgium Sidus or Herschel cold beyond conception : but ' 
since the heat produced in bodies depends on their disposi- 
tion to receive it, the several planets may be so composed as 
to have but a very trifling difference in the heat produced 
by the solar rays. Hence, then, what has been hitherto said 
concerning the heat of the planets as calculated on the sup- 
position of the sun being the source of heat, may be called 
in question: and, perhaps the Newtonian opinion concerning 
comets, may in time be entirely abandoned, and some later : 
hypothesis become generally received. 

Thus much for the first method of producing heat. The 
next method of producing heat is by exciting vibration in 
solids. Whether fluids can be thus heated, we do not know: 
there is no clear instance of heat being produced by their 
vibration. We may excite vibration in sohds, by friction, or 
by collision. K we rub together or strike two bodies, if they * 
have any elasticity they will vibrate. The rougher bodies* 
are, which are rubbed together, the greater vibn&on is pro- 
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duced, and therefore, the greater heat. The vibration is al(50 
in proportion to the eksticity of bodies. 

In Count Romford's ninth Essay, which is an enquiry into 
the source of the heat that is excited by friction, many in- 
teresting experiments are related. From these experiments 
it appears, that sufficient heat was produced by the friction 
of two metalhc surfaces, when the access of atmospherical air 
was entirely prevented, to make water actually boil. It ap- 
peared that a very considerable quantity of heat was excited 
by the friction, and given off in a constant stream in all direc- 
tions, without interruption or intermission, and without any 
signs of diminution or exhaustion. 

This ingenious philosopher, when reasoning on these ex- 
periments, gives satisfactory reasons to prove that the heat 
could not be furnished either by the air, or by the water which 
surrounded the machinery. And, considering that the source 
of the heat generated m these experiments appeared evi- 
dently to be inexhaustible, he naturally concluded, that heat 
could not be matter: for says he, " It is hardly necessary to 
add, that any thing which any insulated body, or system of 
boches, can continue to furnish without limitation, cannot 
possibly be a material substance" 

Another method of producing heat is by the taking place of 
chemical attractions. Every chemical attraction, as far as we 
know, in taking place, produces either heat or cold : whether 
it be simple combination, elective attraction, or compound 
elective attraction. Some of the chemical attractions are 
attended, besides the production of the heat, with another 
striking phenomenon, namely, the producing of light. The 
fourth and fifth methods of producing heat might be descanted 
upon very copiously; but, perhaps, this would have but httle 
tendency towards determinmg what heat is. 

Lastly, heat is produced in volcanos. This has commonly 
been supposed to be by burning of fuel. But it is evident 
that it cannot be produced by this cause, or by any other 
known means of the production of heat. The burning of 
fuel, it is known, destroys a proportionate quantity of air. 
Now the whole island of Santsdina is a mass of iron, one very 
difficult of fusion, which was fused and thrown up from the 
bottom of the sea in the midst betwixt two shores, by this 
heat ; where no air could, therefore, possibly come. And if 
it could, it would have required more in quantity than would 
have eidiausted the whole atmosphere, to animate fuel enough 
to have produced the heat. In Friesland, some years ago, 
there was a tract of country 100 miles across, the whole of 
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.wliidi» with men, aaimals, trees, and whatever was on it, was 
melted into one common mass. This beat then cannot he 
inrodoced hf the burning of fuel; much less can it be byihe 
decomposition of p3nrit^, which is, indeed, the burning of 
juJ^nr. And by what means such intense heat is produced 
we are at a loss to determine. 

Having qpoken of the various methods of producing heat, 
I must next observe, that bodies may be heated by commu- 
nication; and several experiments might be described to 
shew, that some bodies will both communicate and receive 
heat more readily than others. It is the same with respect 
to cold as to heat; for those bodies which receive heat most 
Teadily, most readily part with it; and if they do this, they 
must also suffer it to pass through them, speaking of it as 
though it were a body, from one substance to another, or con- 
duct it most readily, and vice versd. 

Iron is a good conductor of heat : on the contranr wood 
is one of the best non-conductors of heat known. Tnat the 
former is a conductor, and the latter a non-conductor of heat, 
is evident from the following simple experiment; if you take 
a nail or a small piece of iron, and hold it in the flame of a 
fire or candle, it will speedily become so hot all over, as to 
oblige you to relinquish your hold: but if you take a small 
piece c« wood, and hold it in the flame, you may keep hold 
of it till it is nearly all consumed by the fire, without being 
incommoded by the heat of the wood. Hence heat passes 
with ease in iron, and with difficulty in wood. 

From the results of various experiments Count Rumford 
concludes that water, oil, mercury and air, are non-conductors 
of heat : indeed, he thinks it essential to all fluids, that they 
should be non-conductors of heat, or that all interchange and 
communication of heat among their particles, as from one of 
them to the other, is absolutely impossible. Glass, when 
Tendered of a loose texture, conducts heat with very great 
difficult ; insomuch, that the lava of a volcano has, sixteen 
years aner an eruption, been found red-hot a foot under the 
surface of such glass, though this was quite cool. This cir- 
cumstance might very prolmbly give the hint for the asser- 
tion, paradoxical as it may seem without proper deUberation, 
that it would be no difficult matter to convey an iron ball 
tcd-hot from London to Lincoln : to perform this it must be 
inclosed in pumice-stone, which is very porous glass, formed 
by voloanos, and then covered over with fur. 

As to ^e effects produced by heat, it is known to expand 
bodies; and some late chemists affirm, that it tends to 
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cBminish every attraction we are acquainted with : th^ pro- 
duce experiments to erince that heat diminighes the attraotioHi 
of grayitalion, of cohesion, of magnetism, of electricity, and 
chemical attractions. But though it may be the case in par- 
ticular instances, it will be better not to be too sanguine in 
imagimng that such effects will take place universally. The 
assertion may be disputed with regard to the attraction of gra- 
vitation and electricity. However, those who allow that heat 
universally diminishes the electrical attraction, will strongly 
contend in support of their opinion, because they may thereby 
explain with facility the reason of the frequency ai thunder- 
storms in summer. 

From a review of what I have here advanced we shall find 
that there are few, or perhaps we may confidently say, no 
appearances, but what will admit of as easy an explanation, 
by conjecturing that heat is a quaUty, as by supposing that it 
is a substance. Nay, some of the phenomena, particularly 
those which attend the productions of heat by friction, or 
vibration in solids will, as must appear from what has been 
previously observed, induce us to incline more to the former 
nypothesis than to the latter. Besides, whether heat be a 
substance, or a quaUty, it is manifest that it may be qreated 
«nd annihilated. Now we have no idea of matter oeing 
ereated and annihilated by any natural cause, for under all 
its variety of forms, matter is matter stiU : then what kind of 
aubstance must heat be, to be produced and destroyed by so 
many causes ? Why truly nobody can tell: for it must have 
a property which matter has not. Heat is then, probably, a 
jqualuy: for quahties we know can easily be created and an- 
nihilated. And, if heat be a quahty, it must have matter to 
exist in; so that, if we apply any of the causes producmg 
heat, no heat is produced unless there be some matter to re- 
eeive it. This, therefore, is the result of our enquiries into 
the nature of heat. 

We have also seen that light may be produced by parti- 
cular means, the solar rays for instance : it may likewise be 
destroyed, as has been previously shown. The method of 
reasomng first applied to heat, may with equal propriety be 
used here: and this will induce us to conclude, that Ught in- 
stead of being a fluid per se, as has been sometimes conjec- 
tured, is a quality, and can no more exist independently of 
matter than heat can. 

Whether these conclusions may be safely reUed on, is not 
for me to determine : the great mysterious Being who made 
BvA governs the universe, has set a part only of the chain of 
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causes in our view; and we find tbat as He himself is too 
high for our comprehension, so His more immediate instru* 
ments are also involved in an ohscuritv that our feeble endea- 
vours are not able to dissipate. 



LESSON THE FIRST. 



ATTRACTION. CALORIC. 



1. Chemigtry is the science which investigates the 
effects of the action of bodies upon each other, to de- 
termine their constituents principles, and to form new 
compounds. The term chemistry is derived from the 
Greek word ckumos or ckewy which signifies to melt^ 
and may be defined to be the science which investigates 
the composition of material substances, and the perma- 
nent changes of constitution which their mutual ac- 
tions produce : or an art whereby sensible and natural 
bodies are so changed, chiefly by the agency of fire, a» 
to enable us to discover their several and peculiar powers 
and properties, either in their simple or compound 
state."* 

Illustration. — ^The utility of chemistry is shewn by its. 
connexion with the arts of life : the arts of dying, bleaching, 
tanning, glass-making, and the working of all kinds of metal» 
are purely chemical, in agriculture it explains the phenomena 
of the ^owth and nourishment of vegetables, and the nature 
and action of manures. In medicine its assistance is pecu- 
liarly valuable, nor is it of small importance in the culinary 
arts. There is scarcely a single trade or manufacture, that 
does not depend, either immediately or more remotely, upon 
a knowledge of this science. 

2. That power which tends continually to bring sub- 
stances together which are disunited, and which retains, 
vnth more or less energy, those which are already in a 
state of combination, is called elective attraction, or at- 
traction of affinity. 

3. Affinity of aggregation is that which exists be- 
tween two particles of the same matter. 

• Elementary Treatise on Chemistry. New edition, published 183Sv 
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Examples (1.) Two droits of water running together form 
an aggregate. Each drop is called an integrant part. 

(2.) An aggregate differs from a heap, because the inte* 
grant parts of the latter have no perceptible adhesion to each 
other, as a heap of com. They both differ from a mixture, 
the constituent parts of which are of a different nature, as 
gim-powder. 

4. Tliere are four kinds of aggregates, arising from 
the different degrees of force of this attraction, acting 
between the constituent principles of bodies ; these are 
the hard, the soft, the fluid, and the aeriform aggregates. 

5. When the minute parts of one substance unite with 
those of another so intimately as to form a body, which 
has properties different from those of either of them, the 
imion is called the attraction of composition. The new 
body is called a compound. 

Examples. — Glass is a compound of sand and an alkaUne 
salt. Sal Ammoniac is a compound of an acid and an alkali. 
So also is common salt. 

6. The attraction of composition takes place between 
bodies of a dissimilar nature; and the more dissimilar 
they are, the greater is the force with which they com- 
bine. 

7. When two or more bodies unite by the attraction 
of composition, one at least must be in a fluid state. 

8. The compound which results from the combina- 
tion of two or more bodies, possesses properties very dif- 
ferent from those of the bodies of which is is combined. 

Example. — Common salt, which is so pleasant to the taste, 
is a compound of muriatic acid and soda, two highly corrosive 
substances. 

9. The principal agent employed to balance the power 
of attraction is heat or caloric. 

10. The various substances that compose this globe 
are subject, on one hand, to a general law which tends 
to bring them together; and, on the other, to a power- 
ful agent which tends to remove them from each other, 
and upon the energy of these two forces, the consistence 
of all bodies depends. 
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1 1 . When the attraction prevaHs/ they are in a solid 
state; when the caloric b most powerfol, they are in a 
^tate of gaSy and the liquid form is a mean between these 
powers. 

12. Heat has a constant tendency to difiiise itself 
over all bodies, till they are brought to the same tem- 
perature : and by heat all kinds of bodies are expanded. 

13. Heat is contained in considerable quantities in 
all bodies, when at the common temperature of the at- 
mosphere : and it changes the form of bodies. 

Illustration. — ^Hett ooDverts solids into liquids: and 
liquids into vapoun, or into permanently elastic fluids. The 
hquid and yaporous forms of bodies are brought about in the 
same way with expansion, being only higher degrees of ^. 
Hence, all bodies m nature are either smid, Uouid, or in a 
state of elastic aeriform vapour, according to the d^ree of 
heat to which they are exposed. 

14. Every body which passes from the solid to the 
liquid state, absorbs a portion of heat which is called 
iatent heat. 

Example. — Ice is reduced to water by absorbing a portion 
of heat, which, however, is not sensible, because the water 
produced from the ice is at first of the same temperature as 
that of <he ioe. 

15. The heat which liquids absorb, when they acquire 
a fluid form, is again separated from them when they 
return to a sohd state. 

16. All bodies, by passing from the fluid state to the 
aeriform, absorb heat, which is again given out when 
they recover their liquid state. 

17. The instruments for measurmg heat by the ex- 
pansion of bodies, are " thermometers" for fluids: and 
** pyrometers" for solids. 

18. The greatest degrees of heat are produced by 
the burning glass, or by supplying a blow-pipe wita 
oxygen gas. 

19. The greatest degrees of cold are produced by 
mixing snow with certain saline substances. Commoa 
salt and snow produce a great degree of cold. 
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QUESTIONS FOR EXAMINATION. 

1. What is chemistry? 

How is the utility of this science shewn? 

3. What do you mean hy elective attraction? 

3. What is meant by affinity of aggregation? 
Gire the examples. 

4. How many kinds of aggregates are there? 

5. What is meant by liie Attraction of composition? 
Gire the examples. 

6. In what cases do the attractiDn of composition take place? 

7. What is neoessvy for bodies to unite by the attraction of 
composition? 

8. Are the properties of a compound body di£Eerent from tiiose 
of the bodies of which it is formed ? 

Give the example. 

9. What is the agent employed to balance the power of at- 
tnetion? 

10. To what general laws are the substances that compose this 
globe subject? 

11* What hi^pens when attraction, and what when the caloric 
|ure vails? 

12. What is the general tendency of heat? 

13. What effects does heat produce? 
Give the illustration. 

14. In what case do bodies absorb heat, and what is it called? 
Give the example. 

15. In what case is heat separated from bodies? 

16. In what change do liquids absorb beat ? 

17. What are those instruments called by which the degrees of 
heat are measured? 

IB. How are the greatest degrees of heat measured^ 
19* Bf what means are great degrees of cold produced? 



LESSON THE SECOND. 

LIGHT. SIMPLE SUBSTANCES. 

1. light has a considerable influence upon many 
cbemical processes. 

Examples. — All metallic oxides, especially those of mercury, 
lead, silver, and gold, become of a deeper colour by exposure 
to the tun. — Green precipitate of iron, exposed to the rays of 
tire msa, becomes feuue. Many salts wiU not cr^ivtallise wh 
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less they are exposed to the light. Many bodies, if exposed 
to the light, combine with it, and will, under certain dr- < 
cumstances, emit it again. 

2. Light is an important agent with regard to ve- 
getables. 

Examples. — ^Many flowers follow the course of the sun, and 

flants that grow in houses seem desirous to get at the light, 
^lants that grow in the shade, or in darkness, are pale and 
without colour. The more plants are exposed to the light, 
the more colour they acquire. Vegetables are not only in- 
debted to lieht for their colour; their taste and odour are de- 
rived from die same source. 

3. The action of the sun's rays on the organs of ve- 
getables, causes them to pour out streams of pure air 
from the surfaces of their leaves. 

4. Animals droop when deprived of the light, and it 
appears to be of great importance to the health, and 
happiness of human beings. 

Examples. — ^The parts offish which are exposed to the light, 
such as the back, fins, &c. are uniformly coloured; but the 
belly, which is deprived of light, is white in them all. Worms, 
grubs, &c. that live in the earth or in wood, are of a whitish 
colour. Birds and fiving insects of the night are likewise 
distinguishable from those of the day by want of brilliancy of 
colour. 

Inference. — Hence organization, sensation, spontaneous 
motion, and life, exist only at, or very near, the surface of &e 
earth, and in places to which light is accessible. 

5. Those substances which chemists have not been 
able to decompose are regarded as simple : such . are 
light and caloric, already noticed : such are oxygen, 
hydrogen, chlorine, carbon, &c. such were till lately the 
earths, the fixed alkalies, and the metals. 

6. Combustion is an important effect of caloric, but 
only certain bodies are subject to combustion : these 
are called combustible bodies. 

7. Combustible bodies, when inflamed, are sources 
of light and heat. 

8. Oxygen is only known in combination with other 
bodies, and cannot be obtained alone. It is absorbed 
by combustible bodies, and it converts them intoa^ids* 
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9. Oxygen is necessary for combustion, uniting itself 
always to bodies which bum, augmenting their weight, 
and changing their properties. It is necessary also for 
the respiration of animals. 

10. Oxygen is a constituent part of the atmospheric 
air, of water, of acids, and of all bodies of the animal 
and vegetable kingdoms. 

1 1 . Oxygen combined with Kght and caloric con- 
stitutes oxygen gas. In this state it approaches nearest 
to purity. 

12. Oxygen gas, combined with hydrogen, forms 
water; with nitrogen, common atmospheric air; with 
sulphur, phosphorus, &c., sulphuric acid, phosphoric 
acid, &c. 

13. Oxygen gives the sharp acrid character to those 
bodies which are called acids. 

14. Oxygen combines with metals, destroys their me- 
tallic lustre, and gives them an earthy, or rusty appear- 
ance. These substances are called oxides, and they are 
all heavier than the metals from which they are formed. 

15. Oxygen gas may be procured in a state of purity 
by separating it from those substances with which it is 
combined in nature. 

16. Hydrogen is one of the constituents of water: it 
cannot be obtained alone, but united to caloric and light, 
it forms hydrogen gas. 

17. Hydrogen is one of the ingredients of oils, fat, 
spirits, and of the component parts of animal and vege- 
table bodies. It is found in all animal and vegetable 
acids. 

18. Nitrogen, called also azote, cannot be obtained 
in an uncombined state; but with caloric and light it is 
caUed nitrogen gas. It is one of the component parts 
of atmospheric air, of animal and vegetable bodies, of 
nitric acid and ammonia. 

19. Chlorme was formerly supposed to be an acid 
formed with muriatic acid and oxygen, and hence it was 
<^ed the oxymuriatic acid. It is now, however, known 
to be a simple substance. It was discovered by Sir 
H. Davy. 
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20. Chlorine is known in the gaseous state, and in 
combination with water. 

21. Chlorine combines with oxygen, with hydrogen, 
and with nitrogen; and some of these combiDatioDr 
possess very extraordinary properties. 

22. Chlorine gas is suffocating, and cannot be breathed 
without great injury. It supports combustion; is ex- 
ceedingly powerful, corrosive and penetrating; dis- 
charges vegetable colours, bums all the metals, and 
when combined with water, will dissolve gold and 
platina. It has no action upon charcoal. 

QUESTIONS FOR EXAMIVATIOK. 

1. Has light any influence in cbemieal procesaeat 
Enumerate the examples. 

2. In what respect is light an important agent with reg^ard to 
vegetables? 

3. What is the effect of the action of ^be sun's rajt on vege- 
tables? 

4. Is light of importance to the ttdstcooe of aniittftlaft 
Give the examples. 

What inference is drawn from this? 

5. What is meant by simple substances? 

6. What is combustion? 

7. Of what are combustible bodies tiie sonroetf 

8. What is said of oxygen? 

9. How IS oxygen necessary for eombttitioftt 

10. Of what bodies is oxygen a oonatiteeBt? 

11. What is oxygen gas? 

12. What are the combinations of ozygent 

13. What gives the sharp taste to acids? 

14. What effect has oxygen on metals? 

15. How is oxygen gas procured ? 

16. Can hydrogen be obtained alone? 

17. Of what is iSydrogen a conetituent? 

18. Can nitrogen be obtained alone, and of what it it a € 
nent part? 

19. What is said of chlorine? 

20. How is chlorine known? 

21. With what does chlorine combine? 

22. What is the character of chlorine g^^ 
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LESSON THE THIRD. 

SULPHUR. PflOSPHOEUS. CARBOV. OASES. 

1. Sulphur is a simple combustible substance, some- 
times found pure in nature, but frequently in combina- 
tion with metals and other substances. 

2. Sulphur has a strong attraction for oxygen, and 
bums upon the application of fire : during combustion 
it absorbs a certain portion of oxygen from the atmos- 
phere, and is converted into stdpkurotLS acid. 

3. If sulphur be burnt in oxygen gas it absorbs a large 
quantity of oxygen, and becomes sulphuric acid. Sul- 
phuric acid, combined with any substance, gives a com- 
pound called a sulphate: thus there are sulphates of 
lime, iron, copper, &c. 

4. Sulphur unites with the fixed alkaUes, potadi, and 
soda, and the compounds are called sulphurets of potash 
and soda. 

5. Sulphur and iron have a strong attraction for each 
other; by the union, the iron becomes easy of fusion 
and brittle. 

6. Phosphorus, another simple substance, is never 
met with pure in nature. It is commonlv united to 
oxygen, in the state of phosphoric acid, which is found 
pl^tifiiUy in different animal, vegetable, and mineral 
substances. 

7. Phosf^orus is luminous in the dark, at the oun- 
mon temperature of the atmosphere. It takes fire 
spontaneously, bums with a brilliant white flame, and 
is converted into phosphoric acid: phosphoric acid, 
combined with any other substance, gives a compound 
called a phosphate: hence there are phosphatei of 
lime, &c. 

8. Phosphorus is obtained by decomposmg the bones 
of animals. It is a yellowish transparent substance, like 
hom or bees'-wax. 

9. Phosphoms taken internally is poisonous: animals 
have been killed by drinking the water in which it has 
been kept. 
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10. Phosphorus easily combines with sulphur, and as 
the phosphorus or sulphur predominates, the compound 
is denominated a phosphoret or sulphuret. 

1 1 . Carbon, another simple substance, is said to exist 
in a state of purity in the diamond only; combined 
with a certain portion of oxygen it is called charcoal. 

12. Charcoal is generally procured by burning wood ; 
and when well made it is aknost indestructible, neither 
air nor moisture affects it. 

13. Carbon enters into the composition of wax, oils, 
gums, and resins. It combines with iron in various 
proportions; and the results are cast-iron and steel. 
What is called black-lead, used for pencils, is a compo- 
sition of nine parts of carbon to one of iron, and is a 
carburet of iron. 

14. Carbon forms a principal ingredient of carbonic 
acid gas, called also fixed air : this, united with other 
substances, produces carbonates. 

15. Gases are permanently elastic seriform fluids, 
possessed of transparency, elasticity, and weight : they 
are invisible, and cannot be condensed into a solid state. 

16. The air, or atmosphere, consists of a mixture of 
several gases, which may, by chemical processes, be 
obtained separately. 

17. All gases are supposed to be combinations of 
caloric or light with certain substances, called the bases 
of the several gases. Some of these bases, as carbon 
in the diamond, are known, and may be obtained in a 
separate state; others, as oxygen and hydrogen, cannot. 

QUESTIONS FOR EXAMINATIOK. 

1. What is sulphur, and how is it found? 

2. For what has sulphur a strong attraction, and what effects 
are produced by its combustion? 

3. How is sulphuric acid obtained, and what is denominated a 
sulphate? 

4. What are sulphurets ? 

5. What effect has sulphur on iron? 

6. What is phosphorus, and where is it found? 

7. What are the properties of phosphorus? 

8. How is phosphorus obtained? 
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9« Is phosphorus harmless? 

10. What is meant by a phosphoret or a sulphuret ? 

11. What is carbon, and in what does it exist in a state of 
purity ? 

12. How is charcoal procured? 

13. Into the composilion of what does cai'hon enter ? 

14. What is meant by carbonic acid, and what are carbonates? 

15. What are gases? 

16. Of what does the atmosphere consist? 

17. Of what are gases combined? 



LESSON THE FOURTH. 

ATMOSPHERIC AIR. 

1. The atmospheric air is chiefly composed of two 
gases, one unfit for the purposes of combustion and 
animal life, called nitrogen or azotic gas: the other 
eminently adapted to sustain life and combustion. 

2. The chemical properties of common air are fluidity, 
invisibility, and the negation of aU smell. 

3. The fluidity of air exposes it to those frequent mo- 
tions which constitute winds. The air is not capable of 
penetrating all bodies. Transparent substances, through 
which light readily passes, are secure against the impulses 
of the air. 

4. Air, when confined in vessels, is absolutely in- 
visible. It owes this property to the ready passage that 
it aflbrds to the rays of light, which are refracted by it 
without being reflected. 

5. The air is usually considered as insipid. Wounds, 
however, when uncovered and exposed to the air, are 
affected with an acute sense of pain. The air impedes, 
or absolutely prevents the growth of new bark on such 
vegetables as have been stripped of their covering. 

6. Air is perfectly inodorous: if it sometimes aflect 
our organs with a fetid kind of smell, it is to be attri- 
buted to the extraneous bodies that are mixed with it, 
as is observable in mists and vapours. 

7. In the pure part of the air, or oxygen gas, a taper 

z 
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will bum most brilliantly; so also will a steel or iron 
wire, or steel or zinc filings, exhibiting most beautifiil 
and splendid appearances. 

8. The azotic part of the atmosphere is incapable 6f 
sustaining life or combustion a single instant. An ani- 
mal plimged into it must die in a moment. 

9. Hydrogen gas, though very inflammable, is inca- 
pable of supporting combustion and animal life. It is 
often generated in mines, coal-pits, &c. and becomes 
mixed with atmospheric air. If by accident it comes in 
contact with a lighted candle, it explodes with a most 
tremendous report. 

10. Hydrogen gas may be obtained in marshes or 
stagnant waters, in hot weather : but by decomposing 
water it is obtained in a state of perfect purity. If, for 
instance, water be passed over iron shavings in a state 
of white heat, the iron will attract the oxygen of thte 
water, and the hydrogen gas will escape, and may be 
collected. 

11. Hydrogen gas is 12 or 15 times lighter than 
common air; in contact with atmospheric air it burns 
with a pale blue colour. It is employed for artificial 
fire-works. When mixed with oxygen gas it may he 
exploded, Uke gunpowder, with a violent report. On 
account of its great levity it is used for filling air balloons. 

12. A combination of hydrogen with carbon forms 
carburetted hydrogen gas: it is carbon dissolved in 
hydrogen. Tiiis is the gas used for hghting the publfe 
streets, shops, &c. 

13. Carbonic acid gas is incapable of maintaining 
life or combustion. It is found in a state of combination 
with hme, forming lime-stone, marble, and chalk, and 
may be separated from them by heat, or by means of 
the mineraJ acids. 

Examples. — (1.) In the bumii^^ of lime, the carbonic add 
combines with caloric, and flies off in the form of gas, leaving 
the calcareous earth pure. 

(2.) Put pounded marble, or lime-stone, into a retort, wiA 
sulphuric acid, diluted with water; the carbonic acid will be 
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disengaged in a state of gas, and the pure lime will combine 
ivith the acid, and form a sulphate q£ hme. 

14. Carbonic acid gas is formed abundantly during 
the process of fermentation, and it occupies the empty 
space of the vessels containing the fermenting liquor, and 
-when it arrives at the top it flows over. On account of 
its great weight it may be poured from one vessel into 
another like water. 

15. Another curious gas is called the " gaseous oxide 
of nitrogen," being a combination of nitrogen with a 
small portion of oxygen : this gas, when mixed with at- 
mospheric air, and received into the lungs, generates 
pleasurable sensations : it induces a state of great exhi- 
laration, and an irresistible propensity to laughter. 

1 6. Fluoric acid gas obtained from the fluate of lime, 
or Derbyshire spar, has a penetrating odour, and will 
not sustain animal life or combustion. Its most remark- 
able property is that of dissolving silica, and on that 
account it is used for etching on glass. 

QUESTIONS FOR EXAMINATION. 

1* Of what does the atmosphere principally consist? 
2. What are the chemical properties of air? 
S, What is the result of the air's fluidity? 
4» Why is air invisible? 

5. Is the air insipid ? 

6. Is pure air perfectly inodorous? 

7. What will be the effect of combustion in the pure part of 
the air? 

8. Can azotic air sustain life? 

9. What are the properties of hydrogen gas? 

10. Where and how may it be obtained? 

11. It hydrogen lighter than common air? 

12. What is carburetted hydrogen gas, and to what use is it 
applied? 

12. What are the properties of carbonic acid gas, and where is 
it found? 

Give the examples. 

14. In what process is carbonic acid gas found ? 

15. What is meant by the gaseous oxide of nitrogen and what 
effects does it produce? 

16. From what is fluoric acid gas obtained, and what are its 
properties ? 

Z2 
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LESSON THE FIFTH. 

EARTHS. ALKALIES. 

1 . All earthy and stony substances are comprehended 
under the general name of earths : the first nine of the 
following have, till very lately, been deemed simple 
earths : the last is one which has been but recently dis- 
covered. 

Lime Magnesia Yttria and Thorina"^ 

Alumina Baryta Glucina 

Silica Strontia Zirconia. 

The first three are the most abundant in nature. 

2. Lime is found purest in marble, Ume-stone, and 
chalk : it is, however, a principal ingredient in all shells, 
and in the bones of animals. It enters into the compo- 
sition of marls, and it is the cement that unites the 
sandy particles of free-stone together. 

3. All substances, in which lime is combined with 
carbonic acid, are called carbonates of Ume. Such are 
marble, chalk, shells, &c. 

4. Alumina, denominated also argil, or pure clay, is 
white, and soft to the touch; when moistened with water 
it forms a paste, that hardens and contracts in the fire, 
which renders it useful in pottery. It combines with 
silica, and makes mortar for building. 

5. Silica, or flint, is distinguished for its extreme hard- 
ness; it is found in the purest state in free-stone, gravel, 
and sand. It strikes fire with steel, and is insoluble in 
all the acids except the fluoric. 

6. Magnesia is found chiefly in stones that have a 
greasy feel, such as the steatite, asbestos, &c. It is 
cA)tained also from many mineral springs, and from the 
sea-water, in which it is combined with the acids. 
Thus Epsom salt is a combination of the sulphuric acid 
and magnesia, and is denominated the sulphate of mag- 
nesia. 

* This earth was discovered by a Swedish chemist named Berxelioi, 
in a mineral called thorite. 
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7. Baryta, the heaviest of the eartlis, is obtained from 
the ponderous spar, in which it is combined with car- 
bonic and sulphuric acid. It is a most deadly poison : 
falls to powder, but greedily attracts the moisture from 
the atmosphere. 

8. Strontia, found in Scotland, is of a greyish white 
colour, and when thrown into the fire it gives a beautifril 
red coloured flame. The other three earths are but little 
known. 

9. The alkalies have a bitter, and highly acrid taste : 
they change the blue juices of vegetables to a green. 
They have the property of rendering oils miscible with 
water: they are soluble in water; form with the acids 
various combinations, and act as powerful caustics when 
applied to the flesh of animals. 

10. The alkalies are either fixed, as potash and 
soda, or volatile, as ammonia. The former cannot be 
evaporated but with a very high degree of heat, the 
latter is evaporable at the common temperature of the 
atmosphiere. 

1 1 . The fixed alkaUes were, till within these few years, 
supposed to be simple bodies : the volatile alkali was 
supposed to be a compound of nitrogen and hydrogen ; 
they are now found to be compoimds of oxygen and 
metaUic bases. 

12. Potash is obtained from the ashes of common 
vegetables, and is hence denominated vegetable alkali : 
soda is obtained from the ashes of sea-weeds, and is 
called mineral, or marine alkah. Volatile alkaU, or am- 
monia, is obtained from all animal and vegetable sub- 
stances, by distillation. 

1 3. Metals, which are very valuable on account of 
their durability, and of their resisting the effects of air 
and moisture, are the heaviest of all bodies. 

14. Metals are divided into two kinds. (1.) Those 
which by union with oxygen produce earths and alkaUes. 
(2.) Those which by union with oxygen do not pro- 
duce either earths or alkalies. The latter of these divi- 
sions is variously subdivided, according to the relations 
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of the metals to the diversified objects of chemical science. 
They were formerly divided into three kinds. (1 .) Those 
that are malleable, as gold, silver, copper, iron, Ac. 
(2.) Those that are brittle, and easily melted, as bismuth, 
antimony, &c. and (3.) Those that are brittle and melted 
with great difficulty. 

15. Metals become fluid by the application of beat, 
and in this state they imbibe the oxygen from the air, 
assume an earthy appearance, and are called oxides. 

16. In a state of oxides metals may be dissolved in 
water and other fluids, in order to form dyes, colours, 
&c. With glass they yield substances resembling gems 
or precious stones. 

174 Metals unite with sulphur, phosphorus, and car- 
bon, and the combinations are called sulphurets, plH>s- 
phorets, and carburets. 

1 8 . All the metals, when reduced to oxides, may be dis- 
solved in some or other of the acids, and form solutions. 

19. None of the metals except gold, silver^ and 
copper, are found in a state of purity, but as ores; that 
is, mixed and blended with earths and other substances, 
from which they are separated with great heat. 

QUESTIONS FOR EXAMINATION. 

1. What do jou mean by earths'! 

2. Where is lime found, and ia what is it a principal ingredient? 

3. What are carbonates of lime? 

4. What are the properties of alumina t 

5. For what is silica distinguished? 

6. WhM« is magnesia found, and fh>m what is it olMai&«d-t 

7. What is meant by htprytal 

8. Where is strontia found, and what are itB^ pfoperUes? 

9. What are the properties of the alkalies? 

10. How are the alkalies distinguished ? 

11. Are the alkalies siiAple substances? 

12. From what are the three alkaKeis obtainddt 
15. How are the metal« described ? 

14. Into how many kinds are they divided? 

15. What is meant by oxides? 

16. In what state can metals be dissolved? 
' ir. With what will metals unite? 

19* Can dl metals be dissolired? 
19. In what state are metals found ? 
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LESSON THE SIXTH. 

ACIDS. SALTS. OXIDES. 

1 . Acids are substances which excite the taste of sour- 
ness when applied to the tongue : they change the blue 
juices of vegetables to red; and readily combine with 
alkalies, earths, and metallic oxides, forming with them 
substances denominated salts, or neutral salts. 

2. Acids consist of a certain base united with oxyger • 
thus sulphuric acid is a combination of sulphur and 
oxygen : the oxygen is the cause of the acidity. 

3. Acids which have the same base combine with 
oxygen in dififerent proportions; the name of the acid 
is^ derived from the base, and this name has a different 
termination, according tx) the proportion of the oxygeu 
combined with its base. 

4. With the smaller proportion of oxygen the name 
ends in ous, and with tlte larger proportion it ends in ic: 
hence we have the sulphurous and sulphuric acids : the 
phosphorous and phosphoric acids. 

5. Acids exist in liie soUd, Uquid, and gaseous states : 
such are the benzoic acid, the sulphuric acid, and the 
fluoric, or carbonic acids. 

6. Acids are of four kinds, viz. the mineral acids, as 
the *' sulphuric acid :" the metallic acids, as the '^ arseni- 
ous :" the vegetable, as the " acetous," or " malic :" the 
animal acid, as the *' phosphoric,'' ** kctic" acids, &c. 

7. Salts, in a chemical sense, are distinguished by two 
names, one expressive of the acid, and the other of the 
base. 

Examples. — Sulphate of soda, or Glauber's salt, is a combi- 
nation of sulphuric acid and soda: sulphate of iron, or green 
copperas, is compounded of sulphuric acid and iron. Muriate 
of soda, or common salt, is a compound of mfcriatic aeid and 
soda. Nitrate of potash, or saltpetre, is composed of potash 
and the nitric acid: and the earbonate of lime, or chalk, 
marble, &c. is formed of carbonic acid and lime. " Orieinatiy 
the term salt was restricted to the salt with whieh our rood is 
seasoned, and which has been known from the remotest anti*- 
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quity. The new nomenclature designates it muriate of soda, 
upon the assumption that it consists of muriatic acid and soda. 
It has since, however, been more accurately called chloride of 
8o<lium ; it being found in its dry state to be composed of 
60 parts of chlorine, and 40 of tne metallic base sodium/' 
EUmentary Treatise on Chemistry, published in 1839. 

8. Salts composed of acids ending in ous, take the 
termination ite instead of ate : thus we have sulphites, 
nitrites, phosphorites, &c. Sulphuric acid and lime 
make the sulphate of lime : but sulphurot<5 acid and lime 
would give the sulphide of lime. 

9. Simple substances, united to a smaller quantity of 
oxygen tlian is necessary to form acids, are denominated 
oxides. 

10. Metals become oxides by being exposed to great 
heat and the contact of the air. Metals cannot be dis- 
solved in acids till they are combined witii oxygen. 

11. Sulphur, phosphorus, hydrogen, &c. have their 
oxides as well as metallic substances. 

12. Sulphur becomes an oxide of sulphur by being 
kept in a melted state in the open air till it is of a reddish 
colour. 

13. Phosphorus, when exposed to the air, absorbs the 
oxygen of it, and becomes first the white, then the brown> 
oxide. With larger portions of oxygen it forms the phos- 
^horous, and phosphoric acids. 

14. Hydrogen, with one degree of oxygen, yields 
water, which is an oxide of hydrogen. 

15. Animal and vegetable substances may be con- 
verted into oxides. The blood derives its red colour 
from the oxygen imbibed by passing through the lungs. 
Butter becomes rank, and meat putrefies by the absorp- 
tion of oxygen ; and in these states they are oxides. 

QUESTIONS FOR EXAMINATION. 

1. What do you mean by acids, and what are their combina- 
tions with earths, &c. called? 

2. Of what do acids consist, and what is the cause of their 
acidity? 

3. Do acids combine with different proportions of oxygen, and 
how are they named? 



Digitized by V^jOOQ IC 



COMBUSTION, WATER, &C. 345 

4. How are acids distinguished by their terminations'! 

5. In what state do acids exist? 

6. How many kinds of acids are there? 

7. How are salts distinguished? 
Give the examples. 

8. How are salts distinguished with regard to their termina- 
tions? 

9. How are oxides formed? 

10. How are metals converted into oxides? 

11. Can other substances besides metals be converted into 
oxides ? 

12. How is sulphur converted into an oxide? 

13. What changes does phosphorus undergo? 

14. What is meant by the oxide of hydrogen? 

16. Can animal and vegetable substances be converted into 
oxides? 



LESSON THE SEVENTH. 

COMBUSTION. WATER. MINERAL WATERS. 

1 . All bodies may be divided into combustible and in- 
combustible : the term combustible is applied to every 
substance capable of being burnt in atmospheric air, or 
in oxygen gas. 

2. Combustion is the process by which combustible 
bodies absorb the oxygen of the air or gas, and suifer 
the caloric to escape. 

Illustration. — ^When a combustible body is heated to a 
certain degree, it possesses such an attraction for oxygen, 
that it absorbs it nrom the air, while the caloric that gave it 
the gaseous form escapes and diffuses itself among the sur- 
rounding bodies. 

3. Hydrogen, sulphur, phosphorus, carbon, silenium, 
boron, and the metals, are called simple combustibles. 

4. Compound combustibles ^re such bodies as are 
formed by the union of two or more simple combus- 
tibles: such are coal, oils, &c. formed of hydrogen and. 
carbon. . 

5. Substances that are themselves not combustible 
but which are necessary to the process of combustion. 
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are called supporters of combustioii : each are oxygen 
gas and atmospherical air. 

6. It is oxygen which gives character to the sup- 
porters of combustion, and the heat produced in burn- 
mg bodies is derived from the oxygen of the atmosphere. 

Illustration. — In kindhng a fire a continual stream of 
air flows to the burning body, which occupies the place of the 
air that has been decomposed, or deprived of its oxygen. 
Hence a continual mpply of caloric is fiumished by the oxygen 
beine changed from a state of gas into that of a soUd body, 
and mcorporated with the cods. When reduced to ashes, 
the coals or wood may be siud to be saturated with oxygen, 
and converted into an oxide or an acid. 

7. No substance is destroyed or annihilated by com- 
bustion : the parts are separated from each other, and 
form new combmations. 

8. The light or flame produced in combustion, comes 
from the combustible body, in which it was locked up, 
as it were, till raised to a sufficient temperature, when it 
becomes free. 

9. The caloric, or heat produced, k derived from the 
oxygen, which being separated Irom the atmoqi^iere, 
and united to the burning body in a solid form, gives 
out heat. In the same way that steam converted into 
water, or water mto ice, must give out heal during the 
change. 

10. Water is found in almost allm^ural bodicB, and 
is either in a state of simple mixture, or in combination. 
In the former case it is p^ceptible to the eye: in the 
latter it exhibits no external character; and in this ibrm 
it exists in crystals, salts, plants, animals, &€. 

1 1 . Water is susceptible of various forms, as the soHd 
in ioe; the liquid in what is usually called mJter; the 
vaporous, in steam. 

12. Water is a compound of hydrogen and oxygen 
in the proportion of 15 parts of the fomer, by wei^% 
to 85 of the latter. 

13. Water may be decomposed by chemical ni«ni8v 
(See Lesson 4. art. 10.) and it may be Tecomjposed by 
the combustion of oxygen and hydrogen gasea, in * glas» 
vessel, by means of the electrical spark. 
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1 4. When water contains such an excess of any foreign 
matter, that it cannot be used for domestic purposes, it 
is called a mineral .water. 

15. Mineral waters generally contain the acids, the 
alkalies, or the salts; but the salts are most frequently 
to be met with, such as the sulphates of soda and 
magnesia. 

16. The cajrbonates are the most common ingredients 
in mineral water. Chalybeate springs are composed of the 
carbonate of iron, united with water. 

17. Muriates are very common hi mineral water: tlie 
sea- water is impregnated with muriate of soda. 

18. Sulphurous acid is found combined with water in 
the vicinity of volcanoes. 

QUESTIONS FOR EXAMINATION. 

1. How are all bodies divided? 

2. What is meant by combustion? 
Give the illustration ? 

3. Which are the simple combustibles? 

4. What is meant by compound combustibles? 

5. What are the supporters of combustion ? 

6. What gives character to the supporters of combustion? 
How is this illustrated. 

7. Is i substance destroyed by combustion? 

&. From what does the light of a burning body proceed? 
9. From what is the caloric derived? 

10. In how maDy states is water found? 

11. Of what forms is water susceptible? 
13. Of what substances is water composed? 

13. How can water be decomposed ? 

14. What is meant by a mineral water? 

15. What do mineral waters contain? 

16. Which are the most common ingredients, and of what are 
cbalybeate springs composed? 

17. Are mariates common, and with what is the sea- water 
impregnated? 

18. Where is sulphuroui acid found combined with water? 
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MINERALOGY. 

OBJECTS OF TUB SCIENCE, SYNOPSIS OF EXTERNAL 
CUAEACTER OF METALS. 

** All metals are mineralf, but all minerals are not metals. Minerals 
in the restrained sense are bodies that may be melted, but not mal- 
leated." — Bacon. 

** Our object in tbis chapter, as every where else in this work, will 
be to present facts, to account for phenomena where the causes can be 
traced by induction, and where our want of information leaves room 
to doubt, there to stop ; and with such evidence or data as we can fur- 
nish, leave the reader to form his own judgment.*' 

Introduction to the Sciences. — Walker. 

Mineralogy is that science which treats of the soUd and 
inanimate materials of which our glohe consists; and these 
are usually arranged under the four classes specified in the 
following lessons: the earthy, the saline, the inflammable, 
and the metaUic. 

The distinguishing peculiarities of these substances are as 
follows. The earthy minerals compose the greater part of 
the crust of the earth, and generally form a covering for the 
rest. They are not remarkable for being heavy, brittle or 
light coloured. They are little disposed to crystallize, are 
uninflammable in a low temperature, insipid, and without 
much smell. The saline minerals are commonly moderately 
heayy, soft, sapid, and possess some degree of transparencnr. 
The inflammable class of minerals is ught, brittle, mostly 
opaque, of a yellow, brown, or black colour, seldom crystal- 
lize, and never feel cold. MetaUic minerals are characterized 
by being heavy, generally opai][ue, tough, malleable, cold, not 
easily inflamed, and by exhibiting a great variety of colours 
of a peculiar lustre. 

Under each of these classes, are various genera, species, and 
kinds, which are all noticed in their regular order by our 
author. Sometimes as in the vegetable kingdom we find a 
strict affinity between different species of minerals, and in 
that case in the language of the science, they are said to be- 
long to the same mmuy; but in mineralogy, one class does 
not alwap blend with another in a chemical point of view, 
4>r furnish that beautiful gradation and almost imperceptible 
ainion which is to be traced in the other kingdoms of nature. 

As the external characters are of the first importance in 
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flunlitating our acquaintance with minerals, and as our author 
has abstained from giving a detailed and synoptical descrip- 
tion of them, I shall brieily explain this subject, considering 
it an iqjpropriate introduction to the classification of the dif- 
ferent substances which follow. 

The external characters of minerals are either generic or 
specific. The generic characters are certain properties of 
minerals, without any reference to their differences, as colour, 
lustre, weight, &e., and the differences between these pro- 
perties form the specific characters. 

Generic characters are eeneral or particular. In the first 
division are comprehended those that occur in all minerals^ 
in the last, those that are found only in particular dasses of 
minerals. 

The particular generic external diaracters are thus advan- 
taffeousiy arranged: 

1. Colour. 

2. Cohesion of particles ; distinguished into solid, friable, 
and fluid. 

In solid minerals are to be regarded the external shape, the 
external surface, and the external lustre. When broken, the 
lustre of the fracture, the fracture itself, and the shape of the 
fragments are to be noticed. In distinct concretions, regard 
must be paid to the shape of the concretions, their surmce, 
their lustre, transparencies, streak, and soiling. All these 
may be ascertained by the eye. By the touch we may dis- 
cover the hardness of minerals, their tenacity, frangibility, 
their unctuosity, coldness, weight, and their adhesion to the 
tonffue. By the ear we distinguish their sound, and by the 
smell and taste, the qualities which these two senses indicate. 

In friable minerals, external shape, lustre, aspect of soiling, 
and degree of frialibity, are to be attended to. 

In fluid minerals the lustre, transparency, and fluidity are 
principal objects to be regarded. 

The specific external characters of minerals are founded on 
the distinctions and varieties of the two great generic divi- 
sions. And first of colours, the names of which are derived 
from certain bodies in which they most generally occur, either 
in a natural or artificial state, or from different mixtures and 
compositions of botK as for instance white, this may be snow- 
white, reddish-white, yellowish-white, silver-white, &c. Grey, 
lead-grey, blueish-grey, pearl-^ey, &c. Black, greyish-black, 
brownish-black, &c. &;c. Besides these distinctions, colours 
may be clear, dark, hght, or pale, they may have a tarnished 
appearance, a play, a changeabihiy, an iridescence, an opales- 
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emce, a pennanent akeratioii, and a cMineatioii of figure 4Mr 
pattern, snch as dotted, spotted, clouded, flamed* stiipecl* 
veined, &e. 

With respect to the second grand ffeneric distinction s cohe- 
sion of particles; metaJs are divided into 1, Solid, or such as 
have theur parts coherent, and not easily moveable : 2, Friable, 
or that state of aggregation in which the particles may be 
overcome by simple pressure of the finger ; and 3, Fluids, or 
such as eonsist or particles which alter their place in regard 
to each other by their own weigbt. 

After the external aspect, the fracture forms no inconsider- 
able diaracter in mineials. Its lustre may be determined as 
in the external lustre; but the fracture itself admits of great 
varieties. It may be compact, splintary, uneven, earthy, &c. 
If the firaeture is fibrous, we are to consider the thickness 
of the fibres, if coarse or aUicate ; the direction of the fibres, 
if straight or curved; and the position of the fibres, if parallel 
or diverging. 

The external characters of metals from the senses are as 
follows. Those from the touch are eight in number, as al- 
ready enumerated. The different characters whidi oeeur in 
the minofal kingdom from the sound, are a ringing sound, 
as in mtive arsenic, and their splinters of horn or stone ; a 
grating-sound, as in fresh burnt clay ; a creaking-sound, as 
that of natural amalffam. Those from the smell may be 
spontaneously emittec^ and described, as bituminous, faintly 
sulphurous, or faintly bitter ; or they may be produced by 
breathing on, and yield a cla3r-hke smell ; or they may be 
excited by friction, and smell urinous, sulphureous, garlic-uke, 
or empyreumatic. The external character from the taste 
prefails chiefly in the saline class, and it contains the follow- 
ing varieties : a sweetish taste, sweetish astring^it, styptit^ 
saMy bitter, saltier cooling, alkaline, or urinous. 

Having thus given a very bri^ synoptical view of the ex- 
ternal characters of minerals, I refer the student to the im- 
portant and luminouriiy arranged propositions of our authfv 
m the following lessons. 

LESSON THE FIRST. 

MIHERALS. 

2. Mmeralogy is a science, the object of which is to 
describe and arrange inorganic bodies; that is^ all 
bodies which belong to our ^be^ except animd and 
vegetable substances. 
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2. Miuerals constitute the external covering of our 
globe, their number is very great^ and their charactCMr 
almost infinitely diversified. 

3. The business of mineralogy consists in describing 
the different appearances and characters of minerals; and 
in arranging and classifying them according to their mo9t 
obvious relations. 

4. All mineral productions are comprehended in four 
classes: viz. the earthy, or stones; the saline, or salts: 
the inflammable, as sulphur, &c. ; and metals, or metallic 
ores. 

5. The earthy minerals contain all such as derive 
their qualities from the earths, (described in Lesson 5. 
Chemistry) these are divided into families, or genera, 
according to the particular earth which predominates in 
each. 

Example. — (1.) The silicious, or flint genus, contains all 
those earthy minerals in which silex or flint predominates, as 
the garnet, ruby, quartz, common flint, &c. 

(2.) The clay genus includes common day, slates, and all 
those substances that contain a predominant quantity of 
alumina. 

6. The saline class of min^als contains all the combi- 
nations of the acids with alkaUes which exist in the 
mineral kingdom; such cure saltpetre, or nitrate of 
potash; common rock salt, or muriate of. soda; and sal- 
ammoniac, or the muriate of ammonia. 

7. The third, or inflammable class, comprehends all 
combustible bodies, except metals, and the diamond; 
and it includes sulphur, resins, bitumens, and graphite. 

Examples. — (1 .) The resin includes amber, and a substance 
called retinasphaltum, which seems to connect resins with 
bitumens. 

(2.) Bitumens contain petroleum, mineral pitch, and various 
kinds of coal. 

(3.) Graphites are true carburets of iron, of which plumbago, 
or black lead, used for pencils, is one. 

8. The fourth class comprehends all mineral bodies, 
composed either entirely of metals, or of those bodies 
of which metals constitute the most considerable part. 
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9. The genera of minerals are divided into species^ 
and these again into sub-species and varieties, according 
to their agreement, or difiterence in external qualities, as 
shape, colour, fracture, hardness, &c. 

10. From minerals of the fourth class all metals are 
extracted, hence they have obtained the name of ores. 

11. Metals exist in ores either in a metallic state: 
combined with sulphur : in the state of oxides : or com- 
bined with acids. Hence the four genera, alloys, sul- 
phurets, oxides, and salts. 

QUESTIONS FOR EXAMINATION. 

1. What is mineralogy? 

it. What comtitates the corering of the earth? 

3. Of what does the husiness of mineralogy consist? 

4. Into how many classes are mineral productions divided? 

5. What do earthy minerals contain, and how are they divided? 
Give the example. 

6. What does the saline class of minerals contain? 

7. What does the inflammahle class comprehend? 
Give the examples. 

8. What does the fourth class of minerals comprehend? 

9. How are the genera of minerals divided? 
10. Whence are all metals extracted 

!!• In what do metals exist? 



LESSON THE SECOND. 

ROCKS. 

1 . The stony masses of which the earth, as far as it 
has been explored, is composed, are either simple, 
(such as have been described in the last lessoii) or com- 
pound. 

2. Stony masses, or rocks, are very numerous, and 
they are found in the earth, laid one above another; so 
that a rock of one kind is covered by another species of 
rock, and this by a third, and so on. 

3. This arrangement is not arbitrary, but every species 
of rock occupies a determinate place, so that they follow 
each other in regular order, from the deepest part of the 
earth's crust to the surface. 
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Example. — ^Lime stone is found no where under granite, 
but always above it. 

4. Rocks are divided into five classes. The first 
class of rocks are covered by all the rest, but never them- 
selves lie over any other. The others lie in order over 
each other. 

5. These classes are denominated /ormafums ; hence 
we have PRIMITIVE ; transition; floetz; alluvial; 
an(f volcanic formations, according to the period in 
which, and the mode by which, they have been formed. 

6. The primitive formations are the lowest of all, 
and the alluvial constitute the very surface of the earth ; 
for the volcanic formations are confined to particular 
points. 

7. Primitive rocks are supposed lo have been chemi- 
cal precipitations, formed in the early chaotic state of 
the earth; because they never bear any trace of orga- 
nized beings; these are chiefiy composed of siliceous 
and argillaceous earths, as granite, gneiss, slate, &c. 

8.' Transition rocks were formed during the transition 
of the earth into a habitable state : they difter from the 
primitive in the variety of their colour, and by contain- 
ing the remains of marine animals. 

9. The floetz rocks are disposed in fiat, horizontal 
strata : they contain the remains of animals and vege- 
tables, and must have been formed after the creation of 
these. 

10. Alluvial formations consist of the component 
parts of previously existing rocks, separated by the in- 
fluence of the air, 4&c. and deposited m beds. 

11. Alluvial formations are compounded, (1.) Of 
sand, gravel: and (2.) of alluvial deposit; as loam, 
clay, sand, turf, and calcturf. This last contains plants, 
roots, moss, bones, &c. which it has encrusted. The 
clay often contains petrified wood, and skeletons of 
quadrupeds. 

12. Volcanic formations are of two kinds, namely, 
the pseudo- volcanic, and the true- volcanic : the first are 
minerals altered in consequence of the burning of beds 

2 a 
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of coal sitaated in their neighbourhood': the second 
are those which have been actually thrown out of tlie 
crater of a vdkano. 

13. Volcanic prodnctions consist of pnmice-stones, 
lava, and basaltes. Pttmice-stone is a kind of glass, 
but on account of its pores it is often lighter than 
water : kta is a semi-vitrified substance ; and basaltes 
may, by heat, be converted into glass of a beautiful black 
colour. 

QUESTIONS FOR EXAMIKATZOlT* , 

1. H«w are tb« stony mMses of the etith dMilgoiAidt 

2. How are rocks foudll m nature? 

S. Is the arrangement of rocks arbitrary ? 
Give the example. 

4. How are rocks divided? 

5. How are the classes of rocks denominot^i, and wliat is the 
mmifi 

6. What is meSBat by primiiive formations? 

7. How are primitive rocks supposed to hare been formed, and 
of what are they composed? ' 

8. How have transition rocks been formed, and how do they 
£tfer from primitive rocks? 

9. How are floetz rocks disposed? 

10. Of what do allarial formations consist? 

11* Of what are alluyial formations eomponnd^dt 

13. How are roteanie formati<HM diatingai^ted? 

13. Of what do vokanic productions consist? 



BOTANY. 



THE EMPLOTMENt IT SUPPLIES. 



' At once arn^*d 



In all the colours of the flushing year 
By nature's swift and secret-working hand. 
The garden glows, and fills the liberal air 
Wilh lavish fragrance.'* — Tkonuon, 

Botany is a tenn derived from the Greek, for an heA or 
plant : and it formerly implied a knowledge of the nature. 
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uses, and cultivation of plants^ In the aoeoimtti of tho di^ 
ferent genera, which the following lessons contain, these thi«A 
objects are combined. But as a modem science, botany 
chieiy i^splies to the classification of plants ; or that syste- 
matic arrangement by which, from general marks or characters, 
the botanist is enabled, first to trace the class, next the order, 
then the genus, and last of all the species, to which any ]pAxat 
he meets with belongs. 

Various systems have been invented for the classification 
of the vegetable tribes : but that of Linnaeus, as the simplest 
and most decisive, has superseded them all. It is founded 
on the sexual system, or that which supposes all plants to 
have male and female parts of generation ; a system which . 
there is every reason to believe is physiologically true, and 
which has been most elaborately analyzed by our author. 

The flowers of plants Linneeus very properly made the sde 
foundation of his beautiful system of botany. B^nff the 
same in all parts of the globe capable of producing plants, 
the classification founded upon them affords a kind of uni- 
versal language to botanists, whereby they can no longer mis- 
take each other's meaning, as has unrortunately l^n the 
case, less or more, with almost all former botanicid systems. 

In investigating the genus of a plant, we must first consider 
its essence. The essence of every vegetable, says Linnaeus, 
consists in the fructification ; the essence of the fructification 
in the flower ; the essence of the flower consists in the an- 
therse and ^igma; and the essence of the fruit in the seed. 
Hence he mdces the flower and fruit the foundation of his 
generic distinctions. 

As it is a most convincing proof of a just and uno(H*nq9ted 
taste, to prefer the works of God to those of man, I am never 
more deliffhted than when I see persons of understanding 
busied in toe cultivation of flowers. What lessons of morality 
are conveyed by such lovely monitors ! I often think they 
abound no less in moral instruction, than in beauty and sweet- 
ness; which are, in truth, the very perfection of elegance: 
they seem equally calculated to convey instruction and de- 
Hght. How deplorably stt^id and perverted is that opinion 
which many people, who even set themselves up for perscma 
of taste, entertain, when they look npcm them as trifles 
utterly nnwOTthy their not^. 

The short duration of the beauty of a flower, its being sub- 
ject to every blast of the indement sl^, or instantly withered 
by the too powerfrd heat of a buminj? sun, are tl^e arguments 
which these wise people make use oC in excuse for their dis- 
2a2 
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regard of these inimitable patterns of elegance and beauty ; 
but, if these ungrateful beings to the beauties of nature, 
which are poured round us with so liberal a hand^ are not 
incapable of being at all convinced, I would just beg leave to 
remind them of the uncertain state of their own prosperity; 
and admonish them to reflect, how little secure they are of 
being preserved from the oppressive storms, or of enjoying 
the constant sunshine of fortune ; not to mention, that this 
objection will hold good^ with equal force, against every tem- 
poral enjojnment, and all worldly satisfactions whatever. If 
there be, in fact, any real comparison to be drawn from human 
life and a flower, it certainly follows, that no person can pre- 
. tend to a right of despising the one that would be thought 
to place any value on the other. Folly may suggest what it 
pleases ; but there is nothing in nature unworthy of the at- 
tention of a wise person ; notwithstanding all the idle wit 
and ridicule which the collectors of tulips, shells, and butter- 
flies always incur ; because the most inferior of her produc- 
tions may, in some measure, be made instrumental to their 
improvement. A single leaf of the lowest herb, the smallest 
blade of grass which trembles in the wind, were they to con- 
sider it attentively for a few moments, would not only clear 
their understanding from a conceited self-sufl&ciency,but would 
improve their reason into the utmost conviction of its igno- 
rance. An elegant author observes, " were we to reflect in a 
proper manner on the correlative importance of such objects 
as may be thought useless and insignificant, when considered 
only with regard to themselves, we should discover a mediate 
sort of union between the widest links of that infinite chain, 
which holds together the constitution of the universe : we 
should perceive that all these things which are most dissi- 
milar in every other respect, do however agree in that common 
destination whereby they become so many equally important 
parts of one stupendous whole ; and we should find as fit a 
place for the discovery of truth in every flower-garden, as in 
the celebrated gardens of Cadmus ! " 

There is undoubtedly, the closest affinity between a proper 
cultivation of a flower-garden, and the right discipline of the 
human mind. That industry and diUgence, which are so re- 
quisite to clear a garden from its useless weeds, will naturally 
suggest to a thoughtful person, how much more necessary it 
is, to exert the same diUgence in rooting from our minds 
their various follies, vices, and prejudices. 
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LESSON THE FIRST. 

DEFINITIONS. 

1.. Botany is the science which teaches a knowledge 
of the vegetable kingdom; and its study includes the 
practical discrimination, methodical arrangement^ and 
systematical nomenclature of vegetables. 

2. According to the linneean system, every plant 
consists of a root, buds, trunk, leaves, props, inflores- 
cence, and fructification. 

3. Roots serve to fix and hold the plants in the 
earth, from which they imbibe nourishment. Sea- weeds 
afford an exception to this, for they are nourished by 
their surfaces, the root servmg to fix them to a con- 
venient spot. 

4. A root is either annual, biennial, or perennial: 
the first kind live but one season, as barley or oats; the 
second, as wheat, survive one winter, and perish at the 
end of the following summer, after perfecting their seed : 
perennial roots remain and produce blossoms for an 
indefinite term of years, as trees and shrubs. 

5. The body of the root is denominated the * ' caudex ; " 
the fibrous part is denominated ** radicular" the latter, 
which is the only essential part, is annual in all cases. 

6. Roots are distinguished into the " fibrous," as the 
grasses: — "creeping," as mint: — "spindle-shaped," 
as the carrot : — " stumped," as that of the primrose : 
— "tuberose," as the potatoe: — "bulbous," as the 
crocus : — and " granulated," as in the white saxifrage. 

7. Buds are like the bulbs of the roots in herbaceous 
plants ; they are guarded by scales, furnished with gum 
or woolliness as an additional defence. Plants are propa- 
gated by buds as well as by roots. 

8. There are seven kinds of stems, or stalks of plants : 
— the " caulis," which bears both leaves and flowers, as 
the trunks and branches of trees : — the " calmus," a 
straw which is the peculiar stem of grasses, corn, &c. : 
— " scapus," a stalk that springs immediately from the 
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rooty bearing flowers and fruit, but not leaves, as in the 
primrose: — '' peduncolus/' the flower stalk, which 
springs from the stems or branches, bearing flowers and 
fruit, but not leaves: — "petiolus," the foot stalk is 
^>plied exclusively to the stalk of a leaf: — " frons," 
when the leaf bears the flowers and fruit, as in the cj^se 
of £sms: — and " stipes/' which is seen in the stalk of a 
mushroom. 

9- Leaves of any other hue than green are said to be 
coloured: their duration is mostly annual; but in ever- 
greens they sometimes survive two or more seasons: 
l^ves are diistin^uished from one another by their form 
and situation. 

1 0. The form of leaves is either simple, as in grasses ; 
or compoundi as in parsley, the rose, &c. 

11. The fulcra, or props, are distinguished into the 
" stipula," which is a leafy appendage to the herbage of 
plants, as in the rose ; — '* bractea," which is a leafy 
a(^>^dage to the flower or its stalk, conspicuous in the 
lime-tree: — " spina," a thorn which proceeds from the 
wpod itself, as in the wild pear tree, which loses its 
thorn by cultivation: — " acufeus," a prickle which pro- 
ceeds from the bark only, having no connexion with the 
wood, as in the r^we ; — " cirrus," a tendril intended as a 
support for weak stems, as in the passion flower: — 
" glandula," a small tumour, secreting a sweet, resinous, 
or fragrant liquor, as on the calyx of the moss rose : — 
and *^ pilus," a hair, which includes all the various kinds 
of pubescence, bristles, wool, &c. 

l2- There are sev^al kinds of inflorescence, as the 
" whxMrl," in whi<?h the flowers surround the stem in a 
Inland or riug, as in the dead nettle: — " racemu^ " a 
cluster bears several flowers, each in its own stalk, like 
a bunch of currants : — " spica" is composed of numerous 
i^rowded flowers, ranged along an upright common 
stalk; of this, wheat and barley are good examples: — 
V corymbus," is a flat topped spike, the long stalks ot 
whojBe lowermost flowers raise them to a level with th^ 
uppermost; this is exeinplified in the cabbage and wall- 
flower: — " fasciculus," a close bundle of flowers on Tittle 
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stalks connected and level at the top, as in the sweet 
William : — " capitulum," a head or tuft, is composed of 
nmnerous sessile fiow^cs, collected into a globular form, 
as thrift : — " umbella," consists of several stalks spread- 
ing from one centre like an umbrella: — " cyma," con- 
sists of stalks springing from one common centre, after- 
wards irr^ularly subdivided, as in the laurustmus and 
^der;-^'^ panicula'' is a loose subdivided bunch of 
^weoB, arranged without c»rder, as in the oat: and 
** thyrsus/' a bunch, is a very dense panicle, as in the 

13. Fruct^cation comprehends not only all the parts 
of the fruit, but also those of the flower, which last are 
indispensable far the perfecting of the former. 

14. The parts which constitute these organs are seven. 
(1.) The " calyx," or flower^cup. (2.) The '' corolla," 
situated within the calyx, consists, generally, of the 
coloured leaves of flowers: it comprehends both the 
petal and nectary. (3.) The stamina are situated 
within the corolla, and are various in number in difi^ent 
flowers, from one to several hundreds. (4.) The pistils 
standing in the centre of the circle formed by the stamens. 
(5.) The pericarpium, or seed vessel. (6.) The seeds: 
and, (7.) The receptacle, which is the common base of 
ihe p^urts of fructification. 

QUESTIONS FOR EXAMINATION. 

1. What is Botany? 

2. Of what does every plant consist? 
S, For what are the roots designed? 

4. How are roots distinguished with respect to their age? 

5. How are the body and fibrous parts of roots distinguished? 
€. How ate roots diatinguished with regard to their structure? 
r. What are buds? 

8. How many kinds of stems are thwe? 

9. What is meant by coloured leaves? 

10. What is the form of leaves? 

11. How are the fulcra distinguished? 

12. How many kinds of inflorescence are there? . 

13. What does fructification comprehend? 

14. What parts constitute the org^ans of fructification? 
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LESSON THE SECOND. 

CLASSIFICATION OF PLANTS. 

1 . The linneean system of botany is founded on the 
number, situation, and proportion of the stamens and 
pistils, which are usually found in the same flower, as * 
in the lily. 

2. Sometimes the stamens and pistils are placed in a 
different individual of the same species : that iiimished 
with statems is called the male, or barren blossom : that 
with pistils the female, or fertile one. Such is the date- 
pahn. The male and female will both produce blossoms 
apart, but they must be near each other before fruit can 
be perfected. 

3. When fertile and barren flowers are borne by 
the same plants, such plants are named monoecious^ 
as residing in the same house: the cucumber. is an 
example. 

4. If the fertile and barrren flower, that is the male 
and female grow on different roots, as on the date-palm^ 
they are dioecious. 

5. The pistil is divided into three parts, the germen, 
the style, and the stigma; the germen, which contains 
the embryo seed, and the stigma, are essential, but the 
style is often wanting, as in the poppy. 

6. The stamen is divided into two parts, the filament 
and anther : the latter is essential, as containing an ap- 
parently fine dust or powder, called pollen, which, by 
tailing on the stigma of the pistil, is the cause of com- 
plete fructification. 

7. The stamens and pistils being the essential parts of 
a plant, linneeus made them the basis of his system,, 
which consists of twenty-four classes. These classes 
owe their distinctions chiefly to the stamens : the orders, 
or subdivisions of the classes are generally marked by the 
number of pistils. 
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8. The Lumeean names of the classes are 

1. Monandna. 9. Enneandria. 17« Diadelphia. 

2. Diandna. 10. Decandria. 18. Polyadelphia. 

3. Triandria. 11. Dodecandria. 19. Syngenesia. 

4. Tetandria. 12. Icosandna. 20. (^nandria. 

5. Pentandria. 13. Polyandria. 21. Monoecia. 

6. Hc^umdria. 14. Didynamia. 22. Dioecia. 

7. Heptandria. 15. Tetradynamia. 23. Polygamia 

8. Octandna. 16. Monadelphia. 24. Cryptogamia. 

9. The first eleven classes depend entirely upon the 
number of stamens: thus class 1. *' Monandria," signi- 
fies one male, or one stamen. Class 2. " Diandria/' 
two males, or two stamens, &c. 

10. The twelfth class depends on the number (twenty 
or more) of stamens growing out of the calyx. 

1 1 . The thirteenth depends on the number growing 
out of the receptacle. 

12. The fourteenth and fifteenth classes depend on 
the relations which the stamens bear among themselves : 
the first of these have four stamens, two long and two 
short, as in the thyme, and the second has four long and 
two short stamens, as in the stock. This last comprises 
the cruciform flowers. 

13. The next three classes depend on the union of 
the stamens : in the sixteenth all the stamens are united 
in one sheath : in the seventeenth they are divided into 
two quantities; and in the eighteenth into more than 
two. 

14. The nineteenth has the upper parts of the stamens 
united into a tube, and the lower parts separate. 

15. The twentieth has the stamens situated on the 
pistil. 

16. The twenty-first comprehends plants where the 
stamens grow in separate flowers from those that produce 
the seed, yet both sorts of flowers growing on the same 
plant, as in the cucumber. 

17. The twenty-second class includes those plants 
in which the flowers that bear the stamens grow on 
separate plants from those that bear the seed, as in the 
date-palm. 
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18. The t«Pftiity*thkd dais oompreheiuk those plants, 
the gtagMHW of which grow aometunes on sepftcats plants, 
sowetunes in separate flowers in the same plant, and 
som^knes in the same flower with the pistil. 

19. In the twenty-fourth class the stamens and pistils 
are other not well ascertained, or cannot be numbered 
with certainty : this is called the cryptogamia class, and 
includes ferns, mosses, liverworts, flags, and different 
kmds of sea-weeds and fimgi. 

QUESTIONS' FOa EXAHINATIOIT. 

1. Ob wliat is the Linnean lyttem of botany foundedt 

2. Which are the male, and which the lemale Uoasomst 
5. What are moBoacioua plantat 

4. What are dioeeioiis plantat 

5. How is the pistil divided? 

6. How is the stamen divided? 

7. What did Linnaeus make the basis of his system, and of how 
many classes does it consist? 

8. Can you repeat the names of the classes? 

9. (M what do the first eleren classes depend! 
lO*. On what does the twelfth class depend? 

11. On what does the thirteenth depend? 

12. On what do the fourteenth and fifteenth daases 4epeiid7 

13. On what do the sixteenth seventeenth, and ei^phteenth de- 
pend? 

14. How is the nineteenth class distinguished ? 

15. How are the atamens of the twentieth situated? 

16. What plants does the twenty-first olaas comprefaendt 

17. What does the twenty-second class comprehend? 
19, What does the twenty- third comprehend? 

19. How is the twenty-fourth class distinguished? 



LESSON THE THIRD- 

OF THB ORDERS OF FLAVTS. 

1 . The orders of the first thirteen classes are established 
upon the number of pistils, and they are designated by 
the Greek words monogynia, digynia, trigynia, ike sig* 
nifying one, two, three, Sec, females. 

Illustration.— We have in the canna, or Amencan reed^ 
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SB infliaaee of the wonaiidnE mooo^yim, that i», a flower with 
one stamen and one pistiL In the jasnune we ^ee an instance 
of the diandria monogynia, or flower that has two stamens and 
one pistil. In the lmiim> or flax, there are fiye stamens and 
five pistils I and the flower is ctUled pentandria pentagynia, 
that is, one having five males and five females, and so oi the 
rest. 

2. The orders of the fourteenth and fifteenth classes 
are characterized by the manner of producing seed; and 
those of the sixteenth, seventeenth, and eighteenth, are 
founded on the number of stamens which compose them. 

3. The orders of the nineteenth class are marked by 
the united or separated, barren or fertile nature of the 
florets. 

4. The orders of the twentieth, twenty-first, and 
twenty-second, are distinguished, ahnost entirely, by the 
number of their stamens. 

5. The orders of the twenty-third are called mqnoecia, 
and dioecia, for reasons which have beeu given in the 
last lesson. 

6. The four orders of the twenty-fourth class are 
ferns, mosses, flags, fimgi, and liverworts. 

7. The study of botany has been appUed as a guide 
to estimate Uie quahties of plants. 

Illustration. — ^The first order of the fourteenth class, 
denominated " didynamia gymnospermia,'' are all innocent or 
wholesome: those of the other order are fetid, narcotic, and 
dangerous, being alhed to a large part of the pastandria 
monosjmia, known to be poisonous, as containing henbane, 
nightshade, and tobacco. The wh^e class tetradynamia is 
wholesome. Whenever the stamens are found to grow out<^ 
the cal}^, they indicate the pulpy fruits of such plants to be 
wholesome. The papiUonaceous plants are wholesome, except 
the seeds of the laburnum, which, if eaten unripe, are 
violently emetic and dan^rous. Milky plants are generally 
to be suspected. Umbelliferous plants which grow m dry or 
elevated situations, are aromatic, safe, and often wholesome, 
while those that inhabit low and watery places are ammig the 
most deadly poisons. 

questions foe EXAMIlTATIOfir. 
1. upon what are che orders of jpUnts establishad? 
- Give the illttstratum. 
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9. Hoir we the orders of the fonrtoenth and fifteenth eb 
cbtracterued, and alio tboee of the eizteenth, seTcnteenth, and 
eighteenth? 

3. How are the orders of the nineteenth class marked? ^ 

4. How are the orders of the twentieth, twenty-first, and ^ 
twenty-second distinguished? 

6. What are the orders of the twenty-third class called? 

6. What are the four orders of the twenty-fourth class? 

7. To what has the study of botany been applied? 
Can yon give the illustration? 



NATURAL HISTORY. 



INTRODUCTION. 

** See thro* this air, this ocean, and this earth. 
All matter quick and bursting into birth. 
Above, how high progressive life may go I 
Around how wide ! how deep extend below I 
Vast chain of being I which from Oud began. 
Nature's ethereal, human, angel, man ; 
Beast, bird, fish, insect, which no eye can see. 
No glass can reach : — ^from Infinite to Thee^ 
From Thee to nothing." Pope. 

The world may very properly be considered as one large 
mansion, where man is permitted to enjoy the works of na- 
ture, and to adore the Almighty hand which called it into 
life. Blest with talents, and endowed with sense, he feels 
himself the lord of earth's domain : but whilst he contem- 
plates the superiority of his station, he is too prone to foi^et 
from whom that proud station and pre-eminence is derived. 

Amidst the many advantages which the mind enjoys from 
tracing nature through her varying course, that of finding 
itself raised with admiration to the power which formed it» 
is one of the most beneficial that can be produced : for it ift 
impossible to behold its nice dependencies without observing 
an Almighty Hand. 

In taking a view of animated nature, and beholding the: 
connexion which exists in every part, we cannot but observe 
the exact resemblance which subsists between the human and 
the animal race. K Providence has bestowed upon us the 
gift of intellect, they are endowed with sagacity or strength^ 
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and so great is the similitude in the formation of our bodies, 
that we might be termed animals erected on the hinder legs. 
This resemblance between man and beast, though it may de- 
grade the body, should elevate the mind, and point out the 
foUy and absurdity of personal arrogance, when we reflect 
that our form bears affinity to a brute's. Man's superiority 
consists in knowledge, virtue, and religion ; and in such a 
possession he may be permitted to boast and exult ; there he 
enjoys that pre-eminent distinction which raises him above 
every other tribe. Leaving man in the possession of that 
superiority which the benevolent Author of his being has 
designed, I shall without further observation refer the student 
to the following lessons, for initiation into the principles and 
arrangements of that science, by which the analogy I have 
named is displayed and established, and the structure, uses, 
and habits of tne inferior animals, investigated and ascer- 
tained. 



LESSON THE FIRST. 

THE SCIENCE DEFINED AND DESCRIBED. 

1 . Natural history is that part of knowledge which 
teaches us to distinguish and describe the objects of 
nature, to examine their appearance, structure, proper- 
ties, and uses, and to collect, preserve, and arrange them. 

2. Two objects ought to occupy the attention of the 
naturalist, viz. (1.) To classify natural substances, (2.) 
To examine their structure. 

3. Few natural productions can be distinguished from 
others by a single property, but by a combination of 
several of these properties we are enabled to discriminate 
one object, from others which resemble it, in possessing 
some of those properties. 

4. The principal object of natural history teaches us 
the characteristics, or distinctive marks of each indi\ i- 
dual natural object. This is classification. 

5. To distinguish a species from all others that exist 
in nature, it is necessary to express in its characters al- 
most the whole of its properties. 

6. A number of species brought together constitutes 
a genus or tribe. 
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7. The properties which ore commdn to aB the gpedes 
of the genus, combine to fonn the character, or radier 
description of the genus, distinguishing it from all those 
which might be formed by bringing together other specie. 

8. Those properties which are common to all genera, 
compose a character that distinguishes this assemblage 
or group, from all other groups. Such an assemblage 
is <^ea an order ^ 

9. By bringing together such orders as are nearly 
allied, we form a more general assemblage, called a 
class; and by the union of several classes we obtain a 
higher division, to which naturalists have given the 
name of kingdom. 

10. Kingdoms, in natural history, are divided into 
classes; classes into orders ; orders into genera ; g^a^^ 
into species; and each species often contains several 
varieties. 

Illustration. — ^Among the objects which surround us a 
great number are possessed of life, sensation, and voluntary 
motion : these we call animals, and of them the animal kingdom 
is formed. In examining various groups of animals, we find 
many that have four extremities, and suckle their young with 
teats : these are called ^ quadrupeds," on one account; tt&d 
'' mammalia," on the other^ and this is a class oi animals : — 
some of the mmaniaMa have hooied feet, blunt fcnre-teeth, and 
feed almost entirely on vegetables : these constitute an orda' 
of that class named bellius: — a certain number of the animals 
of this order agree in having six fore-teeth in both jaws, and 
form a gentts, distinguished by this particular from the other 
animals of the same order, and called the equus or hoarse 
genus. In this genus one species has solid boon, a tail bristJy 
at the end, and a black mark on the shoulder of the makL 
This is the common ass. The varieties are distinguished by 
certain differences in the mane, the ears, and forehead. 

11. Natural objects are usually divided into three 
kingdoms, the animal, vegetable, and mineral kingdoms, 
though there is sometimes difficulty m deciding to which 
kingdom certain particular substances belong. 

Illustration. — ^There is one whole class of productions 
called eoophyta, which seem to form the connecting links be- 
tween the d^ereut kingdoms. Some are cottAecdcdd ti^etiieir 
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in form of a tten md bnou^es, m corediiiM$, kc», and so 
sitaated as to be an exact reseBaUaaee to the seei^TCtstb of 
plants. They are very tiimlaff ta sea-pianti^ aad are genenJly 
confounded with tbem under the tiUe ci •— in c edi ; lot npon 
closer inrestiga^ioB) they are foimd to be Imas animals. 
Other zoophyta resemble productions of the minenu kingdoiBy 
as the madrepore and ntiUepore, wlsdi appev fike stmiei, or 
pieces of dialk or marble, but beii^ more doaify fliaiiiined> 
there are evident marks <k an organic ttvucture. 

12. Animals inhabit. the exterior parts of the earth, 
respire, generate eggs, and are impelled to action by 
hunger, afiection, and pain* By preying upon other 
aniittak and vegetables, they restram within proper limits 
and proportiofw the number of both : they enjoy life 
and sensation, and have, in a greater or less degree^ 
locomotion. 

Illustration.-— In ezannnii^ Uie xoophyta just men** 
tioned, it will be found that they have so much locomotion, 
as to be able to extend their tentacula, or feelers^ in search of 
food; which, on the least alarm, they suddenly retract within 
thttr shell* 

13. Vegetables clothe the surface of the eartik with 
verdure, imbibe nourishment through their bibulous rootai y 
respire by means of leaves, and contmue their kind by 
the dispersion of seed. They are organized bodies, and 
hare life, but not sensation. 

14. Minerals occupy the interior parts of the earth, 
in rude and shapeless masses. They are concrete bodies, 
destitute of life and sensation. « 

15. Of these great divisions, the animal ranks the 
highest, in comparative estimation ; next the vegetable, 
and the last and lowest is the mineral kingdom. 

QTTESTIONS FOR EXAMINATIOIT. 

1. What do you mMn by natural history t 

2. What are the chief objects to engage the natimilist's alien* 
tkttl 

5. Howarenataralprodaetions distinguished froaoaeafioUierl 

4. What is meant by classificatioB I 

5. How is a species distinguished 1 

6. What constitutes a genus 1 
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7, Whtt foimi the chftracter or deicriptioii of a genus ? 

B, What is meant by an order. 

9. How u a class formed, and what is meant by a kingdom ? 
10* How are kingdoms, classes, &c. dirided ? 
Can you give an illustration of this mode of classification by an 
example? 

11. How are natural objects usually divided? 

Mention some facts by way of illustration, to prove the difficulty 
of classing objects in their respective kingdoms. 

12. How are animals described ? , 

Illustrate in what way it can be said that zoophyta have the 
power of locomotion. 

13. Give the description of vegetables. 

14. Where are minerals found, and how are they described? 

15. In what order do the three natural kingdoms rank in com- 
parative estimation? 



LESSON THE SECOND. 

OF THE AKIMAL KINGDOM, OR ZOOLOGY. 

1 . The animal kingdom is divided into six classes, 
the characters of which are taken from the internal 
structure of the beings treated of : and each of the classes 
is divided into orders. 

Illustration. — ^A considerable portion of the bulk of 
animals is composed of tubular vessels which originate in a 
heart. The heart propels either a colourless transparent fluid, 
or a red blood, into the extremities of the veins, through 
which ^t returns to the origin of motion. One of the distin- 
guishing characteristics of the classes arises from the colour 
and temperature of the blood. 

2. The six classes are denominated mammalia, aves, 
amphibia, pisces, insecta, vermes. 

3. The mammalia, or first class, includes all animals 
that suckle their young : viz. man, quadrupeds, whales, 
seab, porpoises, and the bat tribe. 

4. The mammalia are characterized by having a heart 
with four cavities, viz. two ventricles and two auricles : 
the blood is red and warm, and the animals belonging 
to it are vimparotis^ or bring forth their young ahve and 
perfect. 
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Illustration. — ^Tfae senses of the mammalia consist of 
the organs of sight, hearing, tasting, and smelling, and the 
power of feeling. In many of these animals the organs are 
of greater acuteness than in man. The eyes in some qua- 
drupeds, the hearing in others, and the sense of smell in others, 
are far more acute than those possessed by the human race. 
In some quadrupeds the eyes are furnished with a membrane, 
semi-transparent, which may at pleasure be drawn over the 
ball of the eye for its defence. The nose is more or less com- 
pressed or lengthened. In the elephant it is extended in a 
most wonderfiu manner into a long tnmk, at the tip of which 
are placed the nostrils. The tongue in quadrupeds is usually 
of a flattened and lengthened shape. In some it is of a cylin- 
dric shape, and lengSiened into the form of a worm, and is 
extensile at the pleasure of the animal. 

5. The class aves, or birds, is distinguished from the 
mammalia by being oviparous, or that bring forth their 
young by means of eggs. 

6. Amphibia, or amphibious animals, have a heart 
with one ventricle, and one auricle : their blood is cold 
and red. They breathe by means of voluntary lungs. 

7. The amphibia, by the peculiar structure of their 
respiratory organs, have the poVer of living either in 
water or air. This class includes reptiles, serpents, and 
the shark, skate, and a few others, usually denominated 
fishes, but which possess this peculiarity. 

8. The class pisces, or fishes, resembles the amphibia' 
m the structure of the heart and. the quality of the blood ; 
but it is distinguished fi'om them by having branchiee, 
or gills, instead of voluntary lungs. 

9. Insecta, or insects, have a heart, with one ven- 
tricle and no auricle : the blood is cold and white, and 
the animals are furnished with antennee, or feelers. 

10. The character of the class vermes, or worms, is 
the same as that of insects, only that the animals have 
no antennsB, but are furnished with tentacula. 

Summary. — (1.) The internal structure of the mammalia 
and aves is the same; and they differ in this, that the former 
are vivimrous; the latter oviparous. 

(2.) The internal structure of the amphibia and pisces is 
the same; but the former are endowed with voluntary lungs,, 
the latter have external gills. 

2b 
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(3.) The mtenud strneture of the insecta andTennes is iiie 
same, bat Hie form^ are antemiae, the latter teniacula.* 

QUESTIONS FOR EXAMIKATION. 

1. How is the animal kingdom divided, and from what are the 
distinctive characters of the classes taken ? 

Give die illustration. 

2, Hbw are the six classsee denominated? 
d. What does the first class include ? 

4. How are they characterized ? 

5. How is the class aves distinguished from the mammdia? 

6. What b the character of the amphibia? 

7. What does the amphilna inelade, and why are they enaUed 
to live either on land or in water ? 

8. In what does the class pisoes differ from thft amphibia? 
o. What is the character of the class insects? 

10., l» what do the vermes di&r from insects ? 
Give me the summary respecting the six classes. 
Point out the distinction between the antenns and palpi in in- 
sects, and the tentacula of vennes. See note. 



LESSON THE THIRD. 

MAMMALIA. 

1. l%e doss mainmalm is so nanttd ficom beki^ pro- 
vided with teats for the purpose of awckling tbeur young. 
They res^nblie man ia theiv structiue: most of them, are 
quadrupeds, and with man, inhabit! the surfisnee of tbd 
earth. "^16! largest, thougk fewest im mimber^ inHah^ 
the ocean. 

2. l^e mammalia are distributed bito ^j&el orders, 
the characteia of which a»e taken front the number^ 
situation, and structure of their te^. 

3i Hhe names of the seven orders are>^ pnmaite&^ brula, 
ferse, glires, pecora, bellua, and cete. 

* The antenne of insects are distinguished from the tentacula of tite 
veimes* in being cru*taoeou$; and from the palpi (d inaeeta» by their 
^tuation being nearer the mouth : the anteanaa of inseoto rutelf; exceed 
two. They have sometimes been confounded with tentacula^imder tbe 
general name of feelez8« but the true feelers, of insects are the palpL 
The antenna are processes, or jointed bodies, situated on each side the 
head : the palpi, or feelers, are short jointed processes proceeding-fram 
the mouth. 
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4. The order primates contains man, monkies, and 
bats; they have four front cutting teeth in both jaws, 
and two pectoral teats. The genera of this order are 
homo, simia, lemur, and vespertilio. 

5. The genus homo, or man, includes two species, 
denominated by Linneeus, homo sapiens, and homo 
monstfosus : the first species contains several varieties, 
as the wild man, the American, European, Asiatic, and 
African. The second includes the Patagonian, Hot- 
tentot, &c. 

6. The genus simia, or monkey tribe, contains sixty 
or seventy species, separated into tour distinct divisions; 
viz. (1.) Apes which have no tail. (2.) Baboons whose 
tails are short. (3.) Monkies whose tails are long. And 
(4.) Monkies whose tails are long and prehensile. 

7. The simia genus resembles man in the uvula, eye- 
lashes, hands, feet, fingers, toes, &c., but it differs from 
him in the want of reason : the individuals have reten- 
tive memories, are imitative, and fiill of gesticulations : 
chatter with their teeth, and grin: they are filthy, 
thieving, gregarious; and the prey of lieopards and 
serpents. 

Illustration. — No animal approaches so nearly the hu- 
man form, or is so strongly impressed with the human like- 
ness as the ourang-outai^ or wild man of the woods. The 
animals of this species reside in the warmer parts of India, 
Africa, and in some of the Indian islands, where they roam 
about to the great tenor of the neeroes, who dare not pass 
through the woods alone for fear of being attacked and over- 
powered by them. The ears, the hands, and the feet, bear a 
strong resemblance to the human, and the body, which is 
li^^y covered with hair, scarcely differs from that of a man, 
exce^ that there are no calves to his legs. He walks erect, 
&ed» upon, fruits, and deeps under trees. When the neg^roes 
leave a fire in the woods, this creature will sit dose to it as 
long as any embers are left remaining. In its wild state the 
ourang-outang is a most formidable creature, but when do- 
mesti^ited he becomes ^ntle and obedient, and capable of 
imitating a variety of actions* 

8. The lemur, or macauco genus, consista of animals 
approaching to monkies in the form of their feet;, but 

2b2 
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differing from them in their manners. Some of the 
species are without tails, and some have long tails. 

Illustration. — ^The lemur tardigndus, or Ions, walks 
and dimht with great slowness; and it is supposed incapable 
of leaping. Its manners are sentle and interesting, it is ex- 
tremely susceptible of cold. It sleeps from sun-rise to sun* 
set without intermission, is very attentive to cleanliness, lick- 
ing its rich fiir like a cat. Its food consists generally of fruits,, 
but there are species of insects which form a repast peculiarly 
gratifying to it, and the sight of them excites in its counte- 
nance the most glowing animation, and summons to exertion 
all the energies of its mane. 

9. The vespertilio genus have palmated fore-feet, with 
a membrane surrounding the body, giving the animal 
the power of flight. 

10. The animals of this tribe fly abroad by night, by 
means of the membrane above described : they feed on 
gnats and nocturnal insects: they are torpid during 
winter in cold countries, gathering together in dark 
caverns, sticking to walls, or suspending themselves by 
the hind legs : they have the additional sense of being 
able to avoid objects in their way when deprived of eyes. 

Illustration. — ^When bats are taken in the torpid state, 
and brought into a warm room, they gradually recover from 
their torpor. Bats are sometimes seen in such large flights 
as to darken the atmosphere; and some kinds, as the spectre 
bat, are so voracious as to attack men and other animals while 
they are asleep, perforate some laree vein, and gorge them- 
selves with the blood. The bats of this country Uve chiefly 
on insects, which induces them to frequent the sides of woods, 
or to gUde along the surface of the water. By the ancients 
the bat was consecrated to the goddess of the infernal re- 
gions, and its general aspect, nocturnal flights, and leathern 
wings, render it not an unappropriate inhabitant of those 
obscure and dismal territories. The fabulous harpies of the 
ancients must have originated from a similar source. The 
larger bats of Africa and India answer extremely well to the 
general description of those monsters. 

QUESTIONS FOR EXAMINATION. 

1. From what do the mammalia derire their name, and how 
are they described ? 
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2. Into how many orders are they distributed, and from whf^t 
is their character taken 1 

3. What are the names of the seven orders 1 

4. What does the order primates contain : what is their cha- 
racter ; and of what genera does it consist? 

5. What does the genus homo include ? 

6. What does the simia genus contain, and how is it divided? 

7. In what does this genus resemble man, and in what does it 
differ from him? . 

Can you give any illustration of this genus ? 

8. Of what does the lemur genus consist, and in what respects 
does it agree and disagree with the monkey tribe ? 

Give some account of the lemur tardigradus. 

9. How is the vespertilio genus characterized? 
10. Describe their habits. 

^ive some account of the bat in writing. 



LESSON THE FOURTH. 

MAMMALIA. 

1. The order bruta has no fore-teeth in either jaw; 
and it includes eight genera, viz. the sloth, rhinoceros, 
elephant, platypus, &c. 

2. The sloth inhabits the warmer parts of America; 
feeds on fresh leaves, lives in trees, never drinks, is fear- 
ful of rain; climbs easily, walks painfriUy and slowly, 
hardly travelling fifty yards in twenty-four hours; its 
-cry is wretched, and its tears excite pity. 

3. The rhinoceros inhabits marshy places between 
the tropics, lives on thorns and spinous plants : may be 
tamed, but when enraged, it will in its fiiry overturn 
trees; its sight is weak, but its sense of smell is very 
acute. There are two species, viz. the one-homed and 
ttvo'homed rhinoceros. 

4. The generic character of the elephant is tusks in 
the upper jaw: proboscis very long and prehensile: 
body nearly naked. 

Illustration.— The elephant inhabits the torrid zone, in 
swampy places, and by the sides of rivers; feeds on the 
leaves and branches of trees: devours grain voraciously; is 
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^egarious, docile. Ions-lived, and sagacioiH. The proboscis 
18 long, and capable of extension and contraction, nmushed 
at the end with a hook, serving the purpose of a hand, with 
which it takes its food and drink : it serves also as the organ 
of respiration. It ^iU carry houses on its back, moves quiekLy, 
swims dexterously; is used in war by the Indians, and was 
formerly armed by the Romans with scythes. This is the 
largest of quadrupeds : its height is from nine to twelve feet, 
and it sometimes weighs four or five thousand pounds. Bis 
tusks extend very far beyond the mouth; they resemble horns 
marked with curled fibres. These are the ivory of the shops, 
and some weigh 1501bs. each. 

5. The platypus is a newly discovered animal that has a 
mouth shaped like the bill of a duck : and palmated feet. 

Illustration. — ^This is the most extraordinary of all^he 
mammalia class: it exhibits the perfect resemblance of the 
beak of a duck engrafted on the head of a quadruped. The 
peculiarity of its bul and webbed feet proves that it must be 
a resident in vratery situations: — ^at it has the habit of 
digging, or burrowing in the banks of rivers, or under ground^ 
and that its food consists of aquatic plants and animals. 

6. The animals of the order ferae have, for IJhe most 
part, six conical fore-teeth in each jaw : it contains ten 
genera, among which are the seal; the dog; the cat; 
die bear; the hedgehog, &c. 

7. This order consists of predadous antmals, vdiose 
sharp, hooked claws, smd sharp fore-teeth, maaifest their 
habits. They are dl endow^ with a keen flight, and 
have strength and agihty comlnned to dart vpou their 
prey, and to retain it with a firm giasp. 

8 . The phoca, or seal geni», is £rty and quarrdsome : 
the individuals are easily tamed : their akin and ^ ane 
useful : they inhabit and swim mider water, ^md crawl 
on land with difficulty : feed on fish and marine pro- 
ductions, and swallow stones to prevent ininger, by di^ 
tending the stomach. 

'9. The phoca-^ursina inhabits Kamtsdbafeka, New 
Zealand, and the adjacent islands : smijoA in^tuouslgr 
in large farailififi; the old ones Uve by themselves and 
^w hi : each has a particular stone for its bed, wliich 
It never desert: the males fi^ fiercely in idefence of 
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thenr females and Btations : when grieved they shed tears 
plentiftilly. 

10. The canis, or dog genus, is characterized as 
voracious, tearing what it devours, swift in its course, but 
cannot climb trees, because its claws are not retractUe. 

Illustration. — Of all animals the most faithful is the 
dog ; he fawns at the appearance of his master, and defends 
him : he runs before him on his journey, and if the road di- 
vides, looks back; he is docile, and seeks for what is lost, 
watchful by night, sives notice of the approach of strangers, 
and watches over ifmat is committed to his care. He drives 
home cattle from the field; keeps them within bounds, and 
guards them from wild beasts. He points out game, and 
brings what is killed to his master. He is made to turn ^its 
and to draw smaU carriages. He abhors beggars, bites strangers, 
licks wounds, howls at music, is liable to diseases and mad- 
ness, and oommuni(»tes the livbter by biting. He has an ex- 
quisite sense of smell. 

The wolf, a species of the cams genus, hunts in packs and 
destroys cattle; is very suspicious, being hardly heard in the 
woods; will not pass through a door, but leaps over the fence; 
dreads the sound of a trumpet: is exquisite in the sense of 
smelling; patient of extreme hunger and cold; devours man, 
and even lus own species. 

The jackal species prowl by night in flocks of 200 each ; 
thev attack ana feed on lesser amnuds: at the cry of one, all 
within hearing howl hideoudy, and urge other beasts to hunt 
the stag, &c., while the hon or tiger lying in wait, seizes the 
prey, and as the king of the forest, satisfies his hunger, leaving 
to the crouching ijackal the remainder; hence the story of 
the jackd being the lion^s provider. 

1 1 . The felis, or cat genus, has retractile daws, and 
easily climbs trees : it is temperate in its habits ; very 
swift, and sees best by night. The lion and tiger are 
species of the fehs genus. 

Illustration. — ^The Hon inhabits Africa : it is sometimes 
found in the deserts of Persia, India, and Japan. It preys 
on horses and other large quadrupeds; and, when pressed by 
hunger, on man. It is afraid of flame; is restrained bf 'dogs; 
earily tamed when young: it roars horribly; sleeps in Sie 
sun; eats every third day; and its flesh is eaten by the Asse^ 
lioflBS. The ti^ ifihabits the waenoQer parts of Asia, Ohhsa^ 
JapfliQy «nd ladifi, lives in wood$ and thickets, la&u riven* It 
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is cmming, crael, strong, of vast swiftness, infesting and de- 
solating man. When tamed from his birth will exerdse his 
ferocity as soon as liberated; the male destroys its own pro- 
j^ny; will even attack a lion; it bounds from ambush upon 
its prey, and is the most beautiful of wild beasts. 

12. The animals of the glires order have two cutting 
fore-teeth in each jaw : their feet are formed for running 
and bounding, and they live on the bark of trees, roots, 
vegetables, &c. , which they gnaw. The beaver, guinea- 
pig, rats, mice, and hares, are of this order. 

Illu8Tration.--(1.) The beaver inhabits the northern 
parts of Europe, Asia, and America: it feeds on the bark and 
leaves of trees: it yMa slowly, swims dexterously, sleeps 
jnrofoundly, is very cleanlv> and conveys the food to its mouth 
with its fore-paws; cuts clown trees with its teeth, erects con- 
venient houses, hves in famihes, from which they dismiss such 
as are indolent, who become hermits. In the structure of its 
house it far exceeds the ingenuity of aU other quadrupeds. 

(2.) The lemming is a species of the mouse eenus, and in- 
habits the mountams of Korway and Lapland: it feeds on 
grass, and burrows under the snow in the winter ; before the 
approach of a hard frost it migrates in immense armies, and 
always in a straight line, chiefly by night, in spite of evenr 
obstacle, even rivers and houses. The lemmings destroy aU 
ve^tation in their progress and lay waste the country through 
which they pass. They will even attack man; and in turn 
they themselves become the prey of birds, beasts, and many 
reptiles, so that few return in the spring to the mountains. 

13. The animals of the pecora order have many 
cutting teeth in the lower jaw, but none in the upper. 
They Uve on herbs, and chew the cud ; they have four 
stomachs; viz. the " paunch,'* to macerate and rumi- 
nate the food; the "bonnet," to receive it: the 
** omasus," of numerous folds, to digest it : and the 
** abomasus,'' to give it acescency, and prevent putre- 
faction : the camel, the stag, the goat, the sheep, and 
the ox, are of this order. 

Illustration. — (1.) The Arabian camel, or dromedai^', 
inhabits the temperate deserts of Arabia, Asia, and Africa: m 
many places it is domesticated, and is mild and gentle. It 
is very useful in convmng heavy burdens over the dry sandy 
deserts, and will carry 1,200 pounds wei^t* It moves sbwfy. 
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ana cannot be forced beyond its accustomed pnace, nor be 
made to carry more than its usual burden. It is patient of 
hunger and thirst, and will travel many days without water. 
It Imeels down to be loaded or unloaded at the command of 
its keeper. The hair of the camel is veiy valuable, and the 
flesh and milk are eaten by the Arabians. The Bactrian 
camel is chiefly used by great men; there is a breed of these 
in China, of such swiftness, that they are called camels "mth 
feet of wind." 

(2.) The ox genus inhabits various parts of the world; and 
the several species are used for draueht and burden; and are 
likewise valuable for their flesh, miUc, hides, and many do- 
mestic purposes. They are subject to a variolous disease, 
which may be communicated to the human race, and thereby, 
it is hoped, prevent future infection from the small-pox. "Hie 
animals of this genus are infested by gad-flies, lice, and other 
insects: they are poisoned by yew, hemiock, aconite, and 
anemone. 

14. The animals of the belluse order have obtuse 
fore-teeth and hoofed feet; their motion is heavy; for 
food, they gather vegetables. They are of great value 
to mankind, and are used for draught, burthen, and the 
saddle. They have the singidar property of breathing 
only through the nostrils, and not through the mouth. 
The horse, the hog, and the hippopotamus are of this 
order. 

Illustration.— (1.) The horse is naturally timid, swift, 
and vigilant. Horses in a state of nature move in flocks, 
having a leader before, v^th its ears thrown forwards, and a 
sentinel behind with its ears bent backwards, to ffuard against 
surprise both ways. The ass is a species of me equus, or 
horse genus : from the male ass and mare the mule is pro- 
duced; and from the horse and female ass the hinny is pro- 
duced. From the skin growing on the back of the ass, sha- 
green is manufactured. 

(2.) The hippopotamus inhabits the lakes of Abyssinia and 
Ethiopia : it feeds by night on vegetables and roots of trees. 
It frequently lays waste whole plsuatations of sugar-cane, rice, 
and other grain. It walks slowly, but swims dexterously, and 
walks under water, but cannot remain long without rising to 
the surface for breath. 

15. The animals of the cete order have fins instead of 
feet : the tail is horizontal and flattened : they have no 
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nostrils^ but instead of diese a fistulous opening in iubt 
upper part of the head; they feed on fish and inhalHt 
the ocean. The monodon; baleena, or whale; pliys^ac, 
and dolphin are the genera induded in this order. 

Illustration. — Tbeae are arranged with tiie minniimKa. 
from their aimilarity of ttmcture, ^ough their habits aoid 
mauteiB are like those of fish. Their heart hn two anricles 
and two ventricles : they have warm blood; their hmgs res- 
fiat ahemately: thdr ^e-tids are moveable, ears hollow, re- 
ceiving sound through md medium of the airland Ibeysuidde 
tbeir young. 

QUESTIOVrS FOR EXAMIIf ATION. 

1. What is the chanoterialie of iht brnta atdn, aBfd what 
animalfl doM it inofaulel 

2. What are the characteristicB of the sloth? 
S, What 10 said of the rhinoceros? 

4. What is the generic character of the elephant? 
Give some account of the illustration. 

5. What is the platypus? 
Give &e illustration. 

6. What are -the charaoteriatiai of ithe attimak of the Iwe 
Older? 

7. Of what does this order consiBt? 

8. What is said of the seal? 

9. What are the peculiarities of the phoca-ursina? 

10. How is the dog genus characteriMdl 
Give some account of the itlustration. 

11. How is the cat genus distinguiBhed? 
What is said of the lion and tiger? 

12. How are the animals of the glires order diaracterize^ 
Give an account of the beaver and lemming. 

13. Bj what characteristics are the animals of 'the peoora ordeir 
diatingaisbed? 

What is said of the dromedary and ox? 

14. How are the animals of the beflnie order ^tingoisbed? 
^What is said of the horse, mule, &c? 

'Wbat:&ets are givan fdth xespect to tiie hippopotanmsl 

15. How is the oeto ordsr oharacteiiaed? 
Vfbf axe they arranged with the mammalia? 
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LESSON THE FIFTH. 

AYES. 

1 . The second class includes birds, amd is denominated 
ayes: it consists of animals having a body covered with 
feathers or down. Their jaws are protracted and naked ; 
they have two feet, and two wings formed for flight. 

2. The feathers of birds are convex above, and concave 
beneath; they vary in colour according to age, «ex, 
season, or cHmate; their eggs are various in number, 
size, and colour, but always covered with a calcareous 
shell, deposited in an artificial nest, and hatched by tl)e 
genial warmth of the parent. 

3. Birds are mostly monogamous, or live in single 
pairs ; upon defect of food or warmtii they migrate into 
milder climates; and some are supposed to become 
torpid in the winter. 

4. The generic characters are taken irom liie bill, 
tongue, nostrils, cere, caruticles, and other naked parts : 
they are divided by Linneeus into six orders. 

5. The first order, denominated ** accipitres," includes 
birds of prey; as vultures, eagles, hawks, owk^ &c. 
The birds of this order have an angular projection in 
their upper mandible. 

Illustration. — The condor, a species of fhe vifltiare 
ffenus, is of a vairt size^ measuring with t^ wings extended, 
nrom 12 to 16 feet ; it builds under ihe p*oiections of tiie 
highest rocks; lavs two white eggs; preys on birdi^ kids» 
lambs, calves, and has been known to carrv off children ten 
years of age. Two of them are said to be able to destroy and 
devour a cow; when passing near the ground it makes a tre- 
men^us noise. 

6. The second order, denominated " picas," or pies, 
contain all the birds of the crow and jay kind, parrots, 
wood-peckers, kingfishers, &c. The bill of the birds of 
this order is compressed and convex. There are three 
divisions of the order distinguished by their feet, as 
formed for perching, climbing, and walking. 
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7. The third order, called '^ anseres/' or web-footed 
birds, include the swan, goose, and duck tribe; gulls, 
penguins, and many others. They hare a bill broad at 
the tip, and corered with skin : the two divisions are 
distinguished by the bill, in some it is toothed, in others 
it is without teeth. 

8. The birds denominated '^ grallee," or wad^s, make 
the fourth order, and are distinguished by a roundidi 
bill and fleshy tongue : there are two famihes, viz. those 
with three toes, and those witii four toes. 

This order consists of all the heron tribe, the curlews, 
and plovers, and others, which have lengthened legs, and 
which frequent watery situations. 

9. The fifth order is denominated " gallinee," or sudi 
birds as are more or less aUied to the common domestic 
fowl. They have a convex bill, and the upper mandible 
is arched. This order includes the pheasant and par- 
tridge tribe, the peacock, turkey, and a variety of other 
birds. 

Illustration. — ^The pheasant tribe, in its wild and na- 
tural state, is found in In^ : it is domesticated eveiy-where, 
and subject to innumerable varieties in colour and size. It 
feeds on grains and worms. The argus pheasant, so remark- 
Me for size and beauty, is a native of Sumatra, and is con- 
sidered as constituting one of the chief ornaments of European 
museums. In China there is a species of pheasant known to 
us only from the lone tail feathers, which are sometimes 
brought over, and whidi are six feet long: this bird has been 
thought to have been noticed by Marco Polo, who speaks of 
pheasants with tails measuring ten spans in length. 

10. The sixth order is named " passeres :" the birds 
of this order have conic and sharp-pointed bills. It 
comprises pigeons, thrushes, larks, finches, and small 
birds in general, either with thick, or slender bills; and 
it is separated into four distinct divisions: viz. those 
having thick bills: those having an upper mandible 
somewhat hooked at the point : those with a notched 
upper mandible : and those with a straight, simple, and 
tapermg bill. 



Digitized by V^jOOQ IC 



NATURAL HISTORY. 381 

QUESTIONS FOR EXAMINATION. 

1. Of what do68 the class aves consist? 

2. What is said of the feathers and eggs of birds 1 

3. How do birds li^e? 

4. From what are the generic characters of birds taken? 
Give some account of the condor. 

5. What is the first order of birds, and what does it include? 

6. What is the second order, and how is it distinguished ? 

7. What is said of the third order? 

8. How is the fourth order disting^hed, and into what fami- 
lies are thej divided? 

9. What is said of the order gallins? 
What is said of the pheasant? 

10. How is the sixth order characterized, and what does it 
comprise? 



LESSON THE SIXTH 

AMPHIBIA. FISHES. 

1. The third class of^animals is denominated "am- 
phibia," from their appearing to live promiscuously on 
land or in water. 

2. This class is divided into two orders, viz. reptiles 
and serpents : and it includes tortoises, frogs, lizards, 
and serpents, all of which possess a kind of voluntary 
power, by which they are able, at pleasure, to suspend 
their respiration, so as to continue for a long time with- 
out breathing. 

3. Reptiles are characterized by breathing through 
their mouths; and by having feet, and flat naked ears: 
of this order are frogs, lizards, and tortoises. 

4. Serpents are distinguished as being without feet, 
but frequently armed with a deadly poison, contained 
in fangs resembhng teeth. In cold and temperate 
cUmates they conceal themselves, in winter, in cavities 
beneath the surface of the ground, where they become 
torpid. 

5. Some serpents are viviparous, as the rattie-snake, 
the viper, &c.; but those which are innoxious are 
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oviparous, depositing their eggs in a kind of chain, in a 
warm situation, where they are afterwards hatched. 

6. The broad laminee^on the bellies of serpents are 
termed scuta, and the smaller, or divided ones beneath 
the tail are called scales, and from these the genera are 
characterized. 

riSBES. 

7. The fourth class of animals includes all kinds of 
fishes, which are distinguished by the swiftness of their 
motion, and the voraciousness of their appetites. 

8. Fishes breathe by means of gills, and swim by 
fins : they are mostly covered with cartilaginous scales, 
and are furnished wiUi an air bladder, by the contraction 
and dilation of which they can raise or sink themselves 
in the water at pleasure. 

9. They Uve on mucus, insects, worms, dead bodies, 
lesser fish, or sea-planta* 

10. The under, or belly fins, called ventral fins, are 
to be considered as analogous to the feet in quadrupeds, 
and fix)m the situation, presenoe, or absence of these 
fins, the Linntaan division of fishes are instituted. 

11. There are five orders of fishes, viz. the apodes; 
jugulares; thoracici^ abdominales, and cartilaginous 
fishes. 

12. Fishes entirely destitute of fins, such as the eel, 
gymnotns^ &c. are denominated '^ apodes," and are 
included in the first order*. 

Illustration.— The fins are thus named> the peetonl^ 
the vaninl^ the ana], tlie eaudal, or tail; and the dorsal or 
backfins. 

13. The aeoond ordisE of fishes, daiominated '^ jur 
gularea,'' ha^e their belly or vaitral fin placed more 
forwaidf than tl^ pectoral or bceast fin. 

14. The ihkd order, called '' thoiecid," have thek 
ventral fin immediatdy beneath didr bseast ftis. 

15. The '' abdominuales>'' or fourth order, have tl»' 
ventral fins situated behind the pectoral fins. 

16. Fifth order includes cactalaginous. fish,, which 
weie sq^tBated into tiv;0' orders by Linnttus, m. t^ 
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brancHiostegous, or fishes that have gills without bony 
rays, and lie chondropterigious, or those that have 
cartilagmous gills, the sucker belongs to the former, and 
the squalus, or shark to the latter. 

Illustration. — (1.) The cydopteri inhabit the sea, feed 
on wonns, insects, and the fry of other fish, and are fiuinshed 
beneath the ventr^ fins with an oyal aperture of a muscular 
substance, and edged with small threaded appendages, by 
means of which they have the power of adhering so firmly to 
the rocks, as to be moved by scarcely a less force than would 
destroy them. 

(2.) Sharks are inhabitants of the sea; they give a lumi- 
nous appearance at night : some of them grow so large as to 
weigh two or three thousand pounds : from the hver is ex- 
tracted much oil: the skin is used for polishing wood, ivory, 
&e. They are mostl;^ soUtary, devouring whatever comes m 
their way: they bring forth tibeir young alive, each enclosed 
in a square, pellucid, homy case, terminated at the four comers 
by very long slender filaments, which are generally twisted 
round corallines, sea-weed, or other fixed substances. 

QUBSnOKS FOR EXAMINATION. 

1. What is the third class of animals called, and £rom what do 
they derive their uame? 

2. How is this class divided, and what does it include? 

3. How are reptiles characterized ? 
4; How are serpents distinguished? 

5. How are the venomous ones distinguished from those that 
are innoxious? 

6. Which are the scuta and scales? 

7. What does the fourth class include? 

8. How are fishes described? 
9i On what do they live? 

10; How ate the linnaan divisions of fishes instituted? 
11. What ara the five orders of fishes? 
11^ Hbw is the first order distinguished ? 
13. What ia the characteristic of the second orderj? 
"Lk How are ^e fins situated in the third order? 
15* How are the fins situated in the abdominales? 
Ifi. What does the fifth order include ? 
@ive the illustration. 
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LESSON THE SEVENTH. 

INSECTS. 

1. llie fifth class in the Linnsean system consists of 
insects, which are small animals fiiraished with several 
feet, and which breathe by a kind of spiracles, or breath- 
ing holes, distributed in a row on each side of the ab- 
domen : the head is fiimished with a pair of antennse, 
or horns. 

2. Insects have generally four, sometimes two or six, 
feelers affixed to the mouth : the mouth is usually placed 
beneath the head : they have two or four wings : the 
upper ones are often crustaceous shells, covering the 
lower : their 1^ consist of three divisions. 

3. The sexes of insects are male, female, and neuter: 
the latter are devoted to labour for those of the more 
perfect sex. 

4. Most insects undergo a triple metamorphosis, or 
transformation, effected by casting off the different coats 
or coverings in which the perfect insect is enclosed. 

5. The first state in which insects appear is that of an 
^g: from the egg is produced the ** larva," grub, or 
caterpillar, without wings, slow in its motion, sometimes 
with many feet, and sometimes with none: from this 
state it passes into that of the " pupa," chrysalis, or- 
nymph, and escaping from this it becomes a ** perfect 
insect." 

Illustration. — ^The eggs are usually deposited beneath 
the surface of some clod, and the larva, when first hatched, is 
not more than the eighth of an inch in length, gradually 
advancing in growth, and chan^ng its skin tSl it arrives at 
the length of nearly two inches : it now prepares for the change 
into a chrysalis, or pupa, selecting for the purpose some small 
clod of earth, in which it makes a house, and, after a certain 
time, throws off the last skin, and appears a pupa; in this it 
continues till the succeeding summer, when the beetle emerges 
from its retirement, commits its depredations, and deposits 
its eggs in a favourable situation, and having so done it soon 
dies. The larva of the beetle tribe is eagerly sought for by 
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hogs, poultry, &c. but if it appear in very considerable quan- 
tities, m the autumn, it is said to prognosticate an epidemic 
disorder. The Scarabam aurcttus, or golden beetle, is a species 
of great beauty. 

6. Insects are the least of the animal creation, and 
excepting aquatic ones, as the lobster, &c. and a few 
others, diey are annual, that is, finish their term of 
existence in the space of a year or less* 

7. Insects are said to inhabit those plants on which 
they feed, and they often take their trivial names from 
their habitations. 

Illustration. — In the genus curculio we have the nut 
weevil, a small brown insect, with an extremely lon^ and 
slender snout. This insect is the parent of the maggot m the 
hazel nut. In August the female msect perforates the rind of 
the nut, and deposits her egg, and when the kernel is almost 
ripe, the egg is hatched, and the ma^ot feasts on the food 
ready prepared for it. By the time it is fiilly grown the 
natural fall of the nut takes place, and the animal creeps out, 
burrows under ground, where, after a certain time it casts its 
skin, and commences pupa or chrysalis. In this state it remains 
all winter, till the foUowm^ August, when it emerges from its 
concealment, and appears m its complete form. 

8. Insects are divided into seven orders : the first con- 
tains all the insects of the beetle tribe, or such as have 
strong homy sheaths, or covers to their wings : this order 
is called " coleoptera," or sheath- winged insects. All 
beetles are of this order. 

Illustration. — The coleopterous insects form a very 
extensive order, and each genus is distinguished by some lead- 
ing particularity of appearance. In the individuals of the 
order the real or proper wings are of a membranaceous nature, 
and when not m use, are curiously folded up under the 
exterior strong or homy sheaths. 

9. The second division or order of insects is deno- 
minated " hemiptera," or half-winged, because the upper 
part of the wing sheaths, in this tribe, is of a leatliery 
texture, and the lower part membranaceous. Locusts, 
grasshoppers, cicadee, lantem flies, &c. are of this order. 

10. The third order is denominated ** lepidoptera," 
or scaly winged; it consists of the insects commonly 

2c 
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termed butterflies and moths. The powder on the 
wings is found to consist of minute scales of various 
shapes and sizes: these are disposed in the manner of 
slates on the roof of a building, lappmg over each othen 

11. The fourth order is denominated ** neuroptera/' 
or nerve- winged, on account of the reticulated appear- 
ance of the wings. This order includes dragon-flies, &c. 
The insects of this division have always four wings. 

Illustration. — ^The hbellula^ or dragon-fly, is an ex- 
tremely ravenous insect, and is usually seen hovering over 
stagnant waters: the larvse are six footed, very active, and 
inhabitants of the water, they prey with the most rapacious 
ferocity upon aquatic insects and the larvae of others: the 
pupa resembles the larva, but has the rudiments of wings. 

12. The " hymenoptera,*' or fifth order, consists of 
insects with four membranaceous wings, and a sting, or 
a process resembling one. Bees, wasps, &c. are of this 
order. 

13. The sixth order is denominated " diptera," and 
contains such insects as are furnished with two wings 
only : such are flies properly so called, gnats, and a great 
variety of other insects. 

14. The seventh order is called " aptera," and con- 
sists of insects that are totally destitute of wings, as 
spiders, scorpions, centipedes, crabs, lobsters, fleas, 
mites, &c. 

Observations. — (1.) Some of the coleopterous insects are 
destitute of wings, and yet are not of the apterous order. 

(2.) In some species of insects one sex is winged and the 
other apterous, as in the case of some of the moth tribe : in 
the lampyris noctiluca, or glow worm, the female is apterous, 
or without wings, and emits a beautiful phosphoric hght, fOr 
the purpose of attracting the male, which is winged, and of 
the order coleoptera. The aphides in the order hemipteia 
are some of them winged, and some wingless. 

QUESTIONS FOR EXAMINATION. 

1. Of what does the fifth ckss in the Linneean system consisti 

2. How are insects described? 

3. What is said of the sexes of insects? 

4. What kind of metamorphosis do insects undanrot 
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5. Tlirotigli what states or stages do insects pass? 

6. Which are the least subjects in the animal creation? 

7. What is said of the habitations of insects? 
Give the illustration. 

8. Into how many orders are insects divided, and what is the 
first order? 

How is this subject illustrated? 

9. What is the second order, and how is it described? 

10. What is the third order, and of what does it consist? 

11. How is the fourth order denominated, and what does it 
include? 

Give the illustration. 

12. Of what does the ffth order consist, and what is it called? 

13. What is the sixth order, and why. is it so named? 

14. Of what does the seventh order consist, and what is its name? 
What observations are made on this class of animals ? 



LESSON THE EIGHTH. 

VERMES, INCLUDING CONCHOLOGY. 

1. The sixth class in the Linncean system is denomi- 
nated " vermes." |t includes not only worms, but those 
animals which have the general character of being slow 
in motion, of a soft sut^tance, extremely tenacious of 
life, capable of re-producing such parts of their bodies 
as may have been taken away or destroyed, and inhabit- 
ing moist places. 

. 2. This class is divided into five orders, and they are 
principally distinguished by their tentacula or feelers. 
They are generally considered as the lowest scale of ani- 
mated nature. 

. 3. Most of the animals in this class are imperfect 
yrhen compared to quadrupeds, possessing neither eyes, 
ears, head, nor feet. Many of them, as the corals and 
corallines, approach to the vegetable tribe, and some of 
them resemble, at least in their coverings^ productions 
in the mineral kingdom. 

. 4. The first order of the class vermes is denominated 
" intestina," of which some of the individuals live with- 
in other annuals; some in the waters, and a few in the 
earth. 

2 c2 
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Illustration. — ^The ''asearides" inhalnt tiie intestiiies 
of the human body: the *' gordius" perforates day to give a 
passage to springs, and the " himhrieas," w earth-worm^ per- 
forates the common soil, which it renders fit to receive rain. 
It is the food of moles, hedgehogs, and yarioos birds. 

5. The second order is denominated '' mollusca:'' the 
animals of this order are naked, fumbhed with tenta- 
cula, or anns, of which the limax or slug is a good illus- 
tration. 

Illustration. (1.) — The animals of the moDnsca order 
are exceedingly numerous : many of them are inhabitants of 
the sea, and serve as food to thousands of the more nsefiil and 
important species of fish. Some of them emit a phosf^orea- 
cent light, like the glow-worm, and, with other living insects 
give abeautiful brimancy to the sea. The starfish are ai this 
order. 

(2.) The cuttle fish, also of this order, possess the power of 
expellinff a black fluid in considerable quantities, so as to dis- 
colour the water, to favour their escape when pressed hard by 
an enemy. This li<|uor was used as mk by the ancients; anJl 
is said to be the basu of modem Indian or Chinese ink. Hie 
bone in the back is converted into powder, and is used as 
pounce for paper, and as an excellent cleanser, and preserva- 
tive for the teeth. 

6. The third order is named "testacea:" these are 
moUuscse covered with calcareous shells which they carry 
about with them; of this order is the common garden 
snaily or '' helix hortensis." 

7. The study of this branch of natural history is de- 
nominated Conchology. There are more than a thou- 
sand species of shells, some of which, on account of their 
beauty and rarity, bear a very high price. 

8. Shells are separated into th^e divisions, the mnl- 
tivalve, bivalve, and univalve, according as the shells 
consist of many parts : ttuo psirts, or of a single piece. 

9. The multivalve consists of many plates or shells 
connected in some species, like the different parts of a 
coat of mail. 

The barnacle, consisting of several small shells at the 
hinge of two large shells, is in this division. 

10. Bivalves consist of two shells, connected by a 
hmge, as the cockle, muscle, oyster, scallop, &c. 



Digitized by LjOOQ IC 



NATURAL HISTORY. 889 

Illustration. — Oysters and muscles are found in beds, 
and may be improved by artificial management. They deposit 
their spawn, a jelly-like substance, whidi adheres to stones, 
«nd is soon covered with a shell. 

Pearls are sometimes found in oysters and in muscles. 
These are little calcareous concretions, formed of the same 
liquid, secreted by the animal, of which the inner surface of 
the shell is composed, and seem to be the effect of accidental 
injury. When the internal surface of the shell is abraded, 
the pearly excresence is formed to repair the injury. Hence 
the Chinese have learnt to increase the number of pearls, by 
catching the muscles, perforating the shells, and abrading the 
inner surface; they then replace the muscles in the water, 
and after a certain time fish up the same agidn, and upon 
opening them discover pearls attached to the point of the wire 
with which the shell was aln^ed. 

11. The univalves comprehend those that have a 
regular spire, which is a most numerous division, inclu- 
ding the snail, periwinkle, &c, ; also the gowrie, a beau- 
tiful spotted shell very common as an ornament on 
chimney-pieces : and those without a regular spire. 

Illustration. — The substance of the shells of this order 
of animals, when chemically examined, is found to be a mild 
calcareous earth, deported in a mass of net-work composed 
of animal matter. JBvery part is secreted by the aniinal it- 
self: the whole surface oi the animal being concerned in the 
formation of the shell. The shining matter left in the tracks 
of snails, is that veiy substance, which when deposited in 
strata one above anotner, hardens by exposure to the air, and 
forms a shelL 

1 2. The fourth order is named " zoophyta :" the animab 
of this order are composite, holding a place between 
animals and vegetables. Most of them take root and 
grow up into stems, multiplying life in their branches, 
and deciduous buds, and in the transformation of their 
animated blossoms or polypes, which are endowed with 
spontaneous motion. 

Illustration. — Sponge is an animal production and of 
this order; every minute pore on the surface of a perfect piece 
of sponge was the orifice through which a polypus-kind of 
animal extended his feelers in search of food. Sponee, when 
first fished up from the sea, is gelatinous, or a glue-uke sub- 
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ttanoe, and requirei repeated washing in fresh water before it 
is fit for the several purposes to whidi it is applied. 

13. Plants resemble zoophytes, but are destitute of 
animation and locomotion: zoophytes are plants, but 
lumished with sensation, and the organs of spontaneous 
motion. 

14. Of the order zoophyta, some are soft and naked, 
and are called " zoophytes;" others are covered with a 
hard shell, and are denominated ^* lithophytes.'' 

Illustration. — Lar^ beds or rocks composed of thq 
animal productions of this division are formed at the bottom 
of the sea. They derive their nutriment from insects, and 
from the saline and other matters in the sea. These, in their 
turn, are the origin of many of the chalk-beds, calcareous 
rocks, lime-stones, and other mineral articles. 

15. The fifth order of the class vermes is called " in- 
ftisoria," which are extremely minute animalcula, des- 
titute of feelers, and generally invisible to the naked eye. 
They are chiefly found in inftisions of various vegetable 
substances. 

Illustration. — ^The vorticella is found in most stagnant 
and impure water, and is known by its constant rotatoiy, 
motion. Rain water collected in cisterns of almost any kind, 
and kept for some time, contains myriads of them. 

The hydra, or fresh water polypus, another animalcule of 
this order, is found in almost every pool of water. It resembles. 
a hollow tube attached by its smallest extremity to some stone, 
stick, leaf, &c. in the water, and furnished with feelers at the 
other extremity, which it can extend in search of food. The 
young ones appear as excrescences, on the surfaces of the 
parent, and in time stretch out Uke branches, and each be-' 
comes a distinct animal. The polypus is propagated by divi- 
sion, for being cut in pieces, in every direction, each piece 
will in a very short time produce a perfect animal. This mode 
of production forms an example of the gradations made by 
nature in stepping from the animal to the vegetable world. 

questions for examination. 

1. What is the sixth class in the Linnaean system, and what 
does it include? 

2. How is this class divided? 
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3. What 18 said with regard to the imperfections of thesA 
animals? 

4. What is the first order of these animals, and where do they 
inhabit? 

Give the illustration? 

5. How is the secmd order characterized? 

Are the animals of the moUusca order very numerous, and 
what is said of them? 

What is said of the cuttle fish? 

6. What is the third order? 

7. To what study does the order testacea giye rise? 

8. How are shells separated? 

9. Of what do the multivalves consist ? 

10. What are bivalves ? 

What is said of oysters and muscles? 

In what are pearls found, and how are they formed? 

11. What do univalves comprehend? 
What is said of the substance of shells? 

12. What is the fourth order of the class vermes, and what is 
said of the animals comprehended in it? 

What is said of sponge? 

13. In what respects do plants and zoophytes resemble one- 
another? 

14. How are the zoophyta distinguished? 
What is said in illustration? 

15. What is the fifth order called, and how is it described? 
Where is the vorticella found? 

What is said of the hydra, or the fresh water polypus? 



ANATOMY AND PHYSIOLOGY. 

ON THE CIRCULATION OF THE BLOOD. 

** The blood, the fountAin -whence the spirits flow ; 
The gen'roua stream that waters ev'ry part ; 
And motion, vigour, and warm life conveys 
To ev'ry particle that moves and lives.*' — Armstrong, 

In the materials of the human frame 

What numerous wonders might we quickly name : 

Let it suffice that I describe a few 

And treat the student with a brief review. 

Physiology is the doctrine of the constitution of the works 
of nature. By this definition, physiology must necessarily 
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have for its object^ the ex]danation of that interna] organica] 
economy in plants or animals, which nature has deviaed for 
the preservation of the individual, and for the continuance 
and propagation of the species. It is divided into the parti- 
cular and general. The particular, which treats of the pro- 
perties of the individual or species, constitutes the science of 
Anatomy, and the general, treats of those properties and 
functions which belong in common to all hving bodies. 

Attending minutely to a hving body., which has already 
escaped from the seed, we may observe, that, in order to Kve, 
it must be allowed the fr«e use of air, as applied to the oi^ans 
of respiration. That in order to grow, it must likewise have 
a supply of food; and which, on being received into the 
system, is prepared by digestion: taken up by absorption ; 
distributed oy circulation ; assimilated by nutrition j and the 
whole carried on by means of secretion. We again percdve, 
that these functions are all dependent on a general principle, 
irritability J by which the system is rendered by stimulation 
susceptible of motion j accommodates itself to different dr- 
cumstances by means of habit ; alters its shape by successive 
transformations: produces the species by generation: Mid, 
after many a languid afifection from sleepy is at last subjected 
to the general fate of all bodies. Death. These are considered 
to be the general properties of hving bodies. 

The contemplations of the student are now directed in this 
the last division of our work to the Human Fabric ; and 
here the science of Anatomy, analyzed in the succeeding 
lessons, discovers to us ten thousand wonders and beauties 
which the narrow Umits prescribed to these introductory es- 
says preclude me from mentioning : indeed, it would not be 
possible, in a performance of this kind, to explain adequately 
the geometrical and mechanical accuracy with which the 
Author of Nature has constructed every part of the body, 
to carry on the animal economy, and answer the various pur- 
poses of life. AH that I can propose to perform in this snort 
essay, is by briefly touching upon the nature and wonders of 
the phenomenon I shall attempt to elucidate, the circtUation of 
the blood, to aid the intentions and forward the purposes of 
the author, and to give the student some httle in«ight into 
the matter, as an inducement for him to study the principles 
and propositions of the following lessons with attention, and 
to set apart a portion of his leisure time for the purpose of 
acouiring a further acquaintance with anatomy. 

Thouf h it is common to talk familiarly o( the circulation 
of the blood, yet perhi4)s very few are acquainted with it ; 
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I shall therefore appropriate this introduction to the purpose 
of a brief, though I hope an intelligible, description of the 
manner in which the circulation is performed. This impor- 
tant secret was brought to light by William Harvey, an^ 
English physician, a little before the year 1600 : and when 
it is considered dioroughly, it will appear to be one of the 
most stupendous works of matchless skill. 

To form a distinct judgment of the mechanism and impor- 
tance of the circulation, it will be necessary to describe the 
structure of the arteries, veins, and nerves ; and take notice 
of some experiments made upon them ; and then must be 
considered the cavities of the heart, by means of which the 
blood is propelled through the body. To these I now proceed. 

The arteries are blood-vessels consisting of a close texture 
of strong elastic fibres, woven in various webs, laid in different 
directions, and interspersed with an infinity of delicate nerves^ 
veins, and muscular arteries. They are divided and sub- 
divided into numberless branches and ramifications, that be- 
come smaller and smaller as they recede from the heart, until 
at last their extremities are found much more slender than 
the hairs of our heads, (and are therefore called capillary 
arteries,) which either unite in continued pipes with the be- 
ginmngs of the veins, or terminate in small receptacles, from 
which the veins derive their origin. The arteries have no 
valves, but only have their trunks springing from the heart : 
they throb and beat perpetually whilst life remains; their 
extremities differing in the thickness of their coats and some 
other particulars, according to the nature of the path which 
they pervade. All the arteries in the lungs (except the small 
ones that convey nourishment to them) are derived from the 
great pulmonary arterv, which issues from the right ventricle 
of the heart. And all the arteries in the rest of the body 
proceed from the aorta, (which obtained this name, because 
the ancients thought it contained air only,) whose trunk 
springs from the left ventricle of the heart. 

The veins resemble the arteries in their figure and distri- 
bution ; but their cavities are larger, and their branches, per- 
haps, more numerous. Their coats are much weaker and 
more slender than those of the arteries. They are frumished 
with several valves, contrived in such a manner as to permit 
the blood to pass fr«ely from the smaller into the larger 
branches, but to stop its retrogression. They neither throb 
nor beat. Their beginnings form continued pipes vnth the 
extremities of the arteries, or arise from some gland or re- 
ceptacle where the arteries terminate. All the veins in the 
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limg8> from their capillary beginnines growing still larger, 
unite at last and discharg:e their blood into the left aiuicle of 
the heart : and all those in the rest of the bod^ empty them- 
selves in like manner into the vena cava, which opens into 
the right auricle of the heart. 

The nerves deduce their origin from the brain, or its ap- 
pendages, in several pairs of a cylindric form, (like so many 
skeins of thread with their respective sheaths,) which in their 
progress decrease by endless divisions and subdivisions, until 
at last they spread themselves into a texture of filaments, so 
slender, and so closely interwoven with each other over the 
whole body, that the point of a needle can hardly be put upon 
any part of it, without touching the dehcate branch of some 
nerve. 

It has been found by many trials, that when an artery i& 
laid bare, and a ligature made upon it, if it be opened with a 
lancet between the ligature and the heart, the blood will rush 
out with great violence; and a rapid jerking stream will con- 
tinue (if not stopped by art,) until through loss of blood the 
animal faints or dies. But if the same artery be opened be- 
tween the ligature and extremities, a few drops only will ooze 
out from the wounded coats. 

On the other hand, when a vein is laid bare, and a ligature 
made upon it, if it be opened between the ligature and the 
extremities, the blood will gush out, as we see in common 
venesection. But, if the same vein be opened between the 
Innding and the heart, no blood will appear. From these ex- 
periments it is obvious to the slightest attention, that the 
blood flows from the heart, through the arteries, to the ex- 
treme parts of the body; and returns again through the veins 
to the heart. 

For the regular performance and continuation of this mo- 
tion of the blood through all the different parts of the body, 
the heart, which is the primum mobile, giving the first im- 
pulse, is furnished with four distinct muscular cavities, that 
IS, with an auricle and a ventricle on the right side, and an 
auricle and a ventricle on the left. Through these cavities, 
curiously adapted to their resi)ective offices, the blood circu- 
lates in the following order : it is received from the veins, 
first into the right auricle, which, contracting itself, pushes 
the blood into the right ventricle at that instant dilated. The 
moment this ventricle is filled it contracts itself with great 
force, and impels the blood into the pulmonary artery, which 
passing through the lungs, and returning by the pulmonary 
veins, is received into the left auricle of the heart, and froni 
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thence it is pushed into the left ventricle ; which being thus 
filled, contracts itself, and drives the blood with great rapidity 
to all the parts of the body, and firom them it returns again 
through the veins into the right auricle of the heart, as before. 

It is very remarkable, that we have here a double circula- 
tion : one, from the right ventricle, through the lungs, to the 
left auricle of the heart, in order to convert the chyle into 
blood, and finally to prepare it for the nourishment of the 
animal; the other, from the left ventricle, through the whole 
body, to the right auricle of the heart, which serves to supply 
that nourishment to every part, besides various other purposes. 

But to proceed, of these four muscular cavities, the two 
auricles are contracted at the same instant, while the two 
ventricles are dilated; the ventricles in their turn are con- 
tracting themselves at the very instant that the auricles are 
dilating. The arteries, in like manner, beat in alternate time 
with the ventricles of the heart. 

The nerves, as well as the veins and arteries, act their part in 
this rotation of the blood ; for if the eighth part of the nerves 
which proceed from' the brain to the heart be bound up, the 
motion of the heart immediately languishes, and soon ceases 
entirely. 

Thus we have a species of perpetual motion, which none 
but a Being of infinite wisdom and power could produce ; yet 
whose continuation requires the constant aid of the same 
hand that first gave it existence. The brain transmits animal 
spirits to the heart, to give it a vigorous contraction. The 
heart, at the same time, pushes the blood into the brain to 
supply it with new spirits : by which means the head and the 
heart give a continual and mutual support to each other. 
But this is not all; the action of the heart sends the blood 
and other vital humours over the whole body by the arteries, 
and distributes nourishment and vigour to every part, (while, 
perhaps, the animal spirits from the extremities of the nerves 
return again into the blood,) and the whole refluent mass is 
conveyed back through the veins into the heart, which enables 
it, without intermission, to persist in rolling this tide of Itfe, 
But here it must not be supposed that the arteries pass on to 
the extremities of the limbs, before they communicate with 
the returning veins : for upon this supposition, after an am- 
putation has been performed, whatever blood might be brought 
to the stump by me arteries, it is certain, none of it could 
be carried back again to the heart : because the intercourse 
between the heart and the limbs would, in this case, be en- 
tirely cut off. But the all-wise Author of our being has 
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provided for this exigency, by forming a great number of leu 
oranches from the hitter arteries, which constantl]^ commu* 
nicate with correspon£ng branches of the returning veins. 
And hence, it is easy to conceive how the drcuktion is car* 
ried on after amputation has been performed. 

With respect to the velocity of the circulating blood, and 
the time in which the whole quantity thereof has undergone 
a complete circulation; although several amputations nave 
been made, the matter is not decisively settled. Dr. Irwin, 
Dr. Keill, and M. Brande, have most distinguished them- 
selves in enquiries of this nature; but they are far from agree- 
ing in their conclusions. The substance of the calculations 
and experiments of the two former may be seen in Dr. Rees's 
iimproved edition of Chamber's Cyclopoedia : and of that of 
the latter, in a treatise written expressly upon the subject. 

In conclusion, from what little has been advanced in this 
short essay, the unprejudiced young student will I trust find 
a striking display of the wisdom and goodness of our Almighty 
Creator. To those who hold to the negation of such a Being, 
I scarcely know what to say; for they who live, move, think, 
and act, must be left without excuse, if they deny or forget 
God, or refuse to honour or be thankful to Him. Those 
who withstand the evidence of the works of nature, when 
properly observed, are not likely to be convinced by rational 
deductions ; but will probably continue infidels, (unless their 
hearts be changed by Divine grace,) until they are convinced 
of their fatal mistake, by experiencing the indignation of that 
Almighty Being whose existence they have so impiously 
denied. 

. But this I sincerely hope wiU not be the case with any of 
the youthful perusers oi this small volume. However, in 
this sceptical and latitudinarian age, when every part of divine 
truth is questioned, opposed, and alas ! too frequently holden 
in derision, it becomes us to be wary; and not only so, but to 
join in a general endeavour to persuade those who are de- 
viating from the true path speedily to return thereto. 



LESSON THE FIRST. 

THE BONES. 



1 . Anatomy is a science which explains the structure, 
disposition y and use of every part of the human body. 

2. The human body consists of solids and fluids. 
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The solids consist of bones, muscles, vessels as channels 
for the various fluids, nerves, and viscera. 

3. The BONES are the most compact and solid parts 
of the body, and serve for the attachment and support 
of all the other parts. 

4. The bones are firm, hard, and perfectly insensible; 
they are divided into the long and cylindrical, and 
the flat. 

5. There are 248 separate bones in the human body, 
which when connected with wires, &c. make up the 
artificial skeleton. 

6. There are eight separate bones in the skull, that 
serve as a sort of vault in which the brain is enclosed. 

7. The vertebrse of the neck, so called from the ease 
with which they move, are separated from one another 
by an elastic substance. They support the head, which 
is by their means readily moved up and down, and 
turned round on either side as far as is necessary. 

8. The principal bones in the trunk are the breast- 
bone, to which the seven true, and five fiaJse ribs are 
fastened : the spine which extends from the skull to the 
end of the loins and serves to lodge and defend the 
spinal marrow : the pelvis intended to support the ab^ 
domen, and the thorax reaching from the neck to the 
end of the breast-bone, which serves as a chest, or place 
of safety, for the heart, lungs, &c. 

QUESTIONS FOR EXAMINATION. 

1. What is meant by the tenn anatomy? 

2. Of what does the human body consist ? 

3. How are the bones and their uses described ? 

4. Into what classes are they divided ? 

5. How many bones are there in the human body ? 

. 6. How many bones are there in the human skuUj and for what 
do they serve 1 

7. What is said of the vertebrae of the neck ? 

8. Which are the principal bones of the trunk, and what are 
their asest 
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LESSON THE SECOND. 

THE MUSCLES, ARTERIES, VEINS, AND CIRCULATION OF 
THE BLOOD. 

1 . The muscles constitute the flesh ; they are sus- 
ceptible of contraction and relaxation, and are with the 
help of the tendons, the instruments of animal motion. 

2. The muscles are either voluntary or involuntary. 
The motions of the former are subject to the will, as in 
the case of the arms, legs, &c. &c. 

3. The heart is a hollow muscle, and that, as well as 
the stomach, intestines, &c. act upon their contents by 
means of muscular fibres; but they are called involun- 
tary muscles, because their motions do not depend on 
the will. 

4. Each large muscle consists of two parts, viz. the 
belly, which is the active part, and its cord-hke extre- 
mities called tendons. The muscles are fastened to the 
bones by the tendons, and they perform their action by 
contracting both ends towards the centre. 

5. The red colour which distinguishes the muscular 
or fleshy parts of animals is owing to the vast number o ' 
blood-vessels, that are dispersed through their substance, 

6. The nerves are long, white, medullary cords thai 
originate in the brain and spinal marrow, and- serve for 
sensation. Sensibility, therefore, depends on the nerves : 
motion, on the muscles. 

7. The nerves conduce to all the enjoyments and 
sufferings of life, and to the intellectual faculties of man; 
the muscles are the chief support of animal hfe, and the 
source of all the bodily powers, 

8. The heart is the principal organ of life: it con- 
tains four cavities for receiving the blood, and giving it 
a fresh impulse through the arteries. 

9. The arteries originate in the heart, and through 
them the blood is carried from the heart to every part 
of the body, for the preservation of life, generation of 
heat, nutrition, and the secretion of the different fluids. 
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10. The pulse felt at the wrist, temples, and various 
parts of the body, is occasioned by the reciprocal action 
of the heart and arteries, when the blood is driven from 
the heart into the arteries to be distributed through the 
whole body. 

1 1 . The arteries terminate in small, and to the naked 
eye, invisible veins, which bring back the blood from 
the extremities to the heart. 

12. All the veins originate at the extremities of the 
arteries ; they continually increase in size as they ap- 
proach the heart : they do not pulsate, but the blood 
which they receive from the arteries they carry back 
with a slow motion, and it is prevented from returning 
by valves, of which there are a great number. 

13. The double circulation of the blood is this : one 
from the heart to the lungs, for the purpose of receiving 
oxygen from the air : the other over all the parts of the 
body, to give out its nutritive and vital properties to the 
whole machine. 

QUESTIONS FOR EXAMINATION. 

'1. What are the muscles, and what are their use ? 

2. How are they classed ? 

3. What are the involuntary muscles, and how do they act ? 

4. pf what do the muscles consist, and by what, and how do 
they perform their motions? 

5. To what is the red colour of the muscles owing ? 

6. What are the nerves, and for what do they serve 1 

7. How are the nerves and muscles described ? 

8. What is the heart and its uses ? 

9. What purposes do the arteries serve ? 

10. How is the pulse occasioned 1 

11. How do the arteries terminate? 

12. Give a description of the veins. 

13. Explain the double circulation of the blood. 



Digitized by LjOOQ IC 



f 



400 ANATOMY AND PHYSIOLOGY. 



LESSON THE THIRD. 



THE BRAIN AND THE NERVES. 

1 . The brain, which is a small pulpy mass of a whitish 
colour, occupies all that cavity which is formed by the 
eight bones of the skull. 

2. The spinal marrow is a continuation of the brain, 
which passes out of an opening in the skull, and runs 
down tne canal of the back-bone, giving out nerves in 
its passage. 

3. All the nerves run out in pairs, but they soon se- 
parate, and spread ovar the whole body. 

4. The brain and nerves constitute entire the organs 
of feeling and sensation, the other parts of the body 
being of themselves incapable of feeling. 

5. All excitement to action, produced by the wiD, 
proceeds from the brain and spinsd marrow, through the 
medium of the nerves. 

6. The nerves are the organs; the brain, the recep- 
tacle of all our sensations, &e source of ail our ideas. 

QUESTIONS FOR EXAMINATION. 

1. How 18 the brain described, and where is it situated ? 

2. What is the spinal marrow ? 

3. How are the nerves situated ? 

4. What purposes do the brain and nerves serve ? 

5. How is voluntary action excited ? 

6. What is remarked of the nerves and brain ? 



LESSON THE FOURTH, 

THE STOMACH. LIVER. DIGESTION, &C. 

1. The stomach is shaped like a bag, and is the 
pand receptacle for the food, where it is retained untfl 
It is changed by digestion. 
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2. The stomach has two openings, the one called the 
oesophagus, through which the food passes into it ; the 
other intended to carry away the digested substance, 
is called the intestinal canal. 

3. The chief agent in digestion is the gastric juice; 
by the muscular nature of the stomach, the food when 
properly digested is propelled through the intestinal 
canal into the intestine, which is a membraneous tube, 
four or five times the length of the person in which it is. 

4. The food in its digested state is called chyme, and 
in this state it enters the intestine, where it undergoes 
another change, and the chyle ^ a milk-Uke substance, is 
separated from it. 

5. The chyle is that substance from which the blood 
is formed, and it is absorbed by the mouths of the 
lacteal vessels, which are every where distributed in 
intestines, while the feculent parts of the chyme and 
the bile are drawn into the large intestine, by which it 
is expelled from the body. 

6. The liver is formed for the secretion or separation 
of the bile from the blood, which passes into the ductus 
hepaticus, and thence into the gall-bladder, where it is 
kept till it is wanted to mix in the intestine. 

7. The chief uses of the bile are, 1, to extricate the 
chyle from the chyme; and 2, to excite the peristaltic 
motion of the bowels. 

8. The lacteals convey the chyle from the intestine 
into the jugular vein, that empties itself into the heart. 

9. The kidnies are two glandular substances, intended 
to drain the system of its redundant water: for this 
purpose a considerable portion of the blood is perpe- 
tually passing into each kidney, where it leaves its su- 
perfluous water, and then returns into the circulation 
by means of a particular vem. 

10. The water thus strained from the blood is carried 
by canals, called ureteers, into the bladder, into which 
it' passes, through its two coats, which answer the pur- 
pose of a valve, to prevent the possibility of regurgi- 
tation. 
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QUESTIONS FOR EXAMINATION. 

1. Give a description of the stomach ? 

2. What are the openings of the stomach, and for what are 
thej intended ? 

3. What is the chief agent in digettion, and how is che proceaa 
earned on? 

4. What is meant bj the terms ehyme and chyU ? 

5. What is the use of the ekyle, and how is it carried awav? 

6. Of what use is the liver 1 

7. What are the chief uses of the bile ? 

8. Where do the Uicteals convey away the chyle 1 

9. How are the kidnies situated, and what is their use ? * 
10. How is superfluous water carried away? 
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